US009930477B2

a2y United States Patent (10) Patent No.: US 9.930.477 B2

Song 45) Date of Patent: Mar. 27, 2018

(54) METHOD AND APPARATUS FOR (38) Field of Classification Search
TRANSMITTING AND RECEIVING DATA IN CPC ..... HO04W 48/12; HO4W 4/008; HO4W 60/00;
WIRELESS COMMUNICATION SYSTEM HO4W 84/18; HO4AW 76/02; HO4B
5/0031; HO4M 1/7233

(71) Applicant: LG ELECTRONICS INC., Seoul See application file for complete search history.
(KR)
(56) References Cited

(72) Inventor: Jonghun Song, Scoul (KR) U.S PATENT DOCUMENTS

(73) Assignee: LG ELECTRONICS INC., Seoul

(KR) 2005/0286417 Al* 12/2005 An ........cco...... HO4L. 29/06027
370/229

, , _ , ‘ 2008/0268903 Al1* 10/2008 Tamura ............... HO4M 1/6066

(*) Notice: Subject to any disclaimer, the term of this 455/556 1
patent 1s extended or adjusted under 35 2016/0057553 A1* 2/2016 Ryu ... H04M 1/6066

U.S.C. 154(b) by 0 days. 340/4.41

2017/0095735 Al1*  4/2017 Kondo .................... AG63F 13/24

(21) Appl. No.: 15/374,691 3/24

_ * cited by examiner
(22) Filed: Dec. 9, 2016

_ o Primary Examiner — Xin la
(65) Prior Publication Data (74) Attorney, Agent, or Firm — Birch, Stewart, Kolasch

US 2017/0171697 A1~ Jun. 15, 2017 & Birch, LLP
(57) ABSTRACT

Disclosed are a method and apparatus 1n which a first device
transmits and receives data using Bluetooth Low Energy

Related U.S. Application Data
(60) Provisional application No. 62/265,957, filed on Dec.

10, 2015. technology 1n a wireless communication system. The
method 1ncludes: opening a control channel for controlling
(51)  Int. CI. H a second device and a third device; and performing a codec
H04b5 1/00 (2006.01) and parameter negotiation procedure for the transmission
HO4W 4/00 (2018.01) and reception of an audio stream between the second device
HO4W 76/02 (2009.01) and the third device, the first device being a device that
HO4B 5/00 (2006.01) controls the second device and the third device, the second
HO4M 1/725 (2006.01) device being a device that transmits the audio stream, and
(52) U.S. CL the third device being a device that receives the audio

CPC .......... HO4W 4/008 (2013.01); HO4B 5/0031 stream.

(2013.01); HO4M 1/7253 (2013.01); HO4W
76/02 (2013.01) 2 Claims, 33 Drawing Sheets
110, 120 100
)
-110, 120
110, 120




US 9,930,477 B2

Sheet 1 of 33

Mar. 27, 2018

U.S. Patent

[Fig.1]

Lo

B Sk

ﬂ Rl S |

.w

m-..-....i.-...t__ A o A

..“...I-“‘-i-‘-ﬁ-‘..‘-“-‘l‘-h.‘-
iy
i

L

& ﬁ_,w..-
7
e
%

L\&.‘.

;

o

s

m . .Lt.l.h:...‘..l..l..-:...l..!.\.l..linl. <




U.S. Patent Mar. 27, 2018 Sheet 2 of 33 US 9,930,477 B2

[Fig.2]

Server device

) R E R E T EEEE R R EE R R W W W W R W =W
. E 3 F - g
: "httﬂg&_ b3 i i ;:Fg_i i ;! t ; : .

T L WL WL W W, WL W W WD W W W W W W W W W W W W W W W W W W W W W

- Communicationp—
f Uit |

11111111111111111111111111111111111111

£

o2
S
-4
feme
&
ot

3]
-1

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

tluetooth
intertace

1

Bluetooth ;
intertace 120

rrrrr T T R T R R R R R o e P e e, e o, e, e, e e e e e e, e o omom oMo oM oo om o e

193l Power

- supply untt Nemory ;

Communicationi{ _ 197
unitt ¥4

122 —~ Input unit ~Output unitj—{--121

o . . o o o, . e, . g, e, ok, o, b, v sty ke ks e ey, v uf, e, e, e, a2 s, e, e, e,

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Glient device



U.S. Patent Mar. 27, 2018 Sheet 3 of 33 US 9,930,477 B2

[Fig.3]

BLE adwﬁrtn amEﬁt physical Chaﬁﬁﬂl

B ,
.@, : :/ - | .

EL niconet
V3§ 4 ai channei
r{} Gr i}u E}G
BLE adv&r f*'eﬂ% | o |
BLE advartisement |
priysica: chanhy Eii) physical channel

HLE 3ﬁwﬁft*$SM%ﬁt ﬁhysisa __channel BLE advertisement
physigal ﬁh&ﬂﬁei_

,NHWGQZ Grau&ﬁ s

SN BLE pzﬂanet
afhe :pi sical chamnel

_______________________________________________________________________________________________________________________________________________________________________________________



U.S. Patent Mar. 27, 2018 Sheet 4 of 33 US 9,930,477 B2

[Fig.4]

BR Profiles ||

Profile (GATT) |

BR Protocols

)
]
F
é: i:; "'-'ru.'-u..,'n..-vtl‘l"*"" T‘""’:‘
i ]
]

o T e T L o s R T e o e g

Lﬁgs»ai Link Control and Adap{atiﬁn ;@m%%% ﬂ#437
_Protoco! {LEG%P}

) w — - ’ - .
q iy oy L

HQSt Gaﬁtraiigr Interface(HﬁI}

ddddd

413 1 ER;EDR Link Mﬁﬁagar o 410
l o
42—t BR/EDR Baseband 43
:5 o

£

411wwf§ BR/EDR Radio

.........................................................................................................................................................................



U.S. Patent Mar. 27, 2018 Sheet 5 of 33 US 9,930,477 B2

[Fig.5]

590 1?3}120

°10 521 522 523 ;524 625 526 527

} : ) ] ;
% : : ot .f ? :
: ; z’ :
. ) ) Y
E | : a ﬁ_f
Emfﬁ’i """ Rt tbttitind Tasttdt bttt Fathiids 3. ...... E E
: a? | & o
Eﬂé‘%mg ?‘,.; TR <o SR B
02 = =T
o | = Yoo §
B et s ;
R g - g
:m% :' o P oL O
P B3 P42 5
=T 8 |G
E 5 -
E ' v o

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

Generic Attribute Profile (GATT

540 - ﬁtt“bu&ﬁﬂﬁfmﬁm | Security Manager (SM) }——i— 550

""'-‘-"‘"'-"“"- W T TET YT T TET T T T TN T TR T TN T TR T T TN T TR TR T TR NPT TR T YR T T T T T ST T T T T ST TR T T ST T T TAEAT TR T T ST T TR T T ST T T T T ET T T T TN T YR T T T Y P TR YT T YT TET YW ETETWYTW

Logical Link Control and Adaptation Protocol
\L2GASy

530

Host Controller Interface (HOI)

ESQhwﬂé Link Layer {(LiL)

EQBWMfE Physical Laver



U.S. Patent

Mar. 27, 2018

[FIg.06]

Profiie

- Service

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

Descr iptor

| | Characteristic

T e e e e e e S
- 1. ;:* e

- 1 . .

r '- | r Q. Q e r t i e 3
4 ) L '

- 1. ;

3 1

]

3

-

]

Descriptor

Descr iptor

. . p—"1-'-l-'-l-'-l-'-l-'-l-"1-'-l-'-l-"1-'-l-'-l-'-l-'-l-'-l-"1-'-l-'-l-'-l-'-l-'-l-'-l-'-l-'-l-"1-'-l-'-l-'-l-1-1-‘1-1-1—1—1—1—1—1—1—‘1—1—1—1—1—1—1—1—1—1—1—1—1— \
¥ ¥ :
|

Sheet 6 of 33

Service

Descr iptor

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

Descr iptor

¥

1
! T T T T T L
I 1 -
1 ‘ '
: ! . £ g % :
: . : . : i i :
: 1 ; . :
. ] ! ' ! '
1 ‘ '
: 1 :
; 1 :
1 ‘ '
: 1 :
‘ 1

B T S L
" L
1 L] L]
I .Gﬁe * eS
i i b

Desor iptor

US 9,930,477 B2



U.S. Patent Mar. 27, 2018 Sheet 7 of 33 US 9,930,477 B2

[Fig.7]

Server Ciient

Advertising i
| +S7010

i
X

W RO e e RO OO TR i OO TR R R e, et OO WO et AT R RO, o TR OO W, O R e R e

............................................................................................................................

Py P! gty Pip b sy M, " i Py M by g oo’ My A oy e Pl ni byl by FonPip g P " Ly P P M Py, L e T Pl it o My ! iy e PP "yt Py P . By il M iy Ny P!

. H"l-‘_.

Phase 1; Pairing Reguest |

o L $7030
Pairing Response |

»

»

»

k

L . L]
& \ ; ; ; ; ;

& - i
b

Y }
%

qabh, He e i Wl sy EE T R T B R R Y] i M R m il Hdrdn B ima AL R v e hhRBAE adbRiRe M A admMAE dmhiihr RN EE R L L L TR
. ‘f!""
. 1 .
. 4
i
' Y 4 i
LY : .
i ‘o r kS

. ! ' , ,

L : ' : ' . '

k o : : .

. j . ) n

Secure Connections {“””3?9@@

»

[

u :

1 '

“'\' i .
T ok oy M H o o HoHUH o HeHeHy i M oy R H S HE Fa g P o A 11 U W Hr W, CHH M —HaoHy S LY =R H H W vl H Ha oHy o He H e HO HH H e HoHUH AL AL He ey oHL :'H"“

Phase 3? ' Key Distribution IR

e ST050

P—

. - e e e e | bl B e . Sy oy e e e e e o B e e ] e e e e B ] T, o v e e e e S, .



U.S. Patent Mar. 27, 2018 Sheet 8 of 33 US 9,930,477 B2

[Fig.8]
L Client | _
EServer device F——-110 device ~190
Advertisement '
___lobject transfer service) (S810) I
. Scan request($820) Advert | sement
Scan response - scanning

{ob iect transfer service) (8830}

bpdglyl ylylyt ylpiyh dlglyl, dplgiy fplghy Splylyf plyled  phylgh dghyly  Agplyly pbply!  plghyd  hyplyd, phylyl, Aplply iyliply wliply! yliplyt Aplgh, Splply Ipiply iyl wlpipt  dplyh dglgly Aplyly  plply’  plylygt

Connection request (8840) ;iﬂitiﬁte connection

Data channel PDU
(ob ject data request) (S850)

‘Data channe! POU
(object data) (8860)

» -Data exchange

Data channe! PDU
(indicate data change) (8870}

Ob ject request (S880)

£
" i
ot

Object information(S890) . éﬁepeat data request

o




U.S. Patent Mar. 27, 2018 Sheet 9 of 33 US 9,930,477 B2

[Fig.9]

T S S Sy S S

Augio Audio | Audio
data data | data |
A L R M2t S A

Audio streaming dats tdie event




U.S. Patent Mar. 27, 2018 Sheet 10 of 33 US 9,930,477 B2

[F19.10]

tudio Profiles - Application Specific Audio Profites _

Application specific{
Services l

_____________________________________________________________________________________________________________________________

%iddlewgre{ ' ﬁudia Middieware

Physicai Laver




U.S. Patent Mar. 27, 2018 Sheet 11 of 33 US 9,930,477 B2

[Fig.11]

'ﬂl-'ﬂlﬂ.l.-

Sterec Headset

Personal

1 Shared (Group)
=24 Public




US 9,930,477 B2

Sheet 12 of 33

Mar. 27, 2018

U.S. Patent

[Fig.12]

Isochronous Channeis

'i'*
1
y
L]
N
y
"
L]
N
y
L]
N
)
y
L]
N
y
L]
"
y
y
L]
N
'Il,

. r
- s o . B

- o, o s

-

I\'\"-L-L-L-L-L- s o

N
o

iy - - o ;-
|

o3

"
l-"*'“-
Aty
[, W ey -
o at
- e
* -




U.S. Patent Mar. 27, 2018 Sheet 13 of 33 US 9,930,477 B2

1 T O TrTYTrTY O rTrY STTET OTrid YT TYTT O OFTT O STTT O OTTaR O OTTE O FYTT OTYTT O CTETY OTThR TTETYYTT O OFTTET O OFTTYT O OTThT TT1 TT1 FTT O ATT OATTh 0TI OTTYT OTYTT O OTTYT OSATT O JTThN OTTT O OTTY OFPTT O OFTT O ATTh OTT1 TTT O OTTTE O OFTT OA4TTh O TTEF O OTTT OTTT OTT STy

1111111111111111111111111111111

[ Advertisement b
channe




U.S. Patent

Mar. 27, 2018

EFnsembies

Sheet 14 of 33

(b)

(c)

US 9,930,477 B2

— e
SR e .
AR St
"""i.'_?:é.-;w!'::.'.-.u-..' 3 " "' *‘ { + ’ "’ '? "" o
’ D el et e
# NP I R S
R e ] e e
AL : i
S |
e ] A
A

&

X
IR o
"}"*’*‘i‘iﬁ- - . ; ._ 1. '_;; ........

Mem bers

Broadcast

(d)



U.S. Patent Mar. 27, 2018 Sheet 15 of 33 US 9,930,477 B2

-
Pl
-~

~¢ Dual
v\ 1SO Channel




U.S. Patent Mar. 27, 2018 Sheet 16 of 33 US 9,930,477 B2

[FIg.16]




U.S. Patent Mar. 27, 2018 Sheet 17 of 33 US 9,930,477 B2

[Fig.17]

LB 2011 2012 2013 2014 MSE
o i i S

\

Preanble * U | RG]
(1 octet) : (2-257 octets) (3 octets))

{a)

2020
? 3 Isochronous packet | s

Pay ioad
(0-255 octets)

| Header
| {16 bits) |




U.S. Patent Mar. 27, 2018 Sheet 18 of 33 US 9,930,477 B2

[FIg.13]
P N
e .t N
i Audio \
| Source
- ’fﬂﬁ.ﬂﬁ*% HHHHH “""x* P T W“M\""‘n\_
e AN e | N\,
Audio \ / Audio \



U.S. Patent Mar. 27, 2018 Sheet 19 of 33 US 9,930,477 B2

7 Audio
_Cantrﬂi§Ef

S Audi O 1‘;
LControlier

@ (b3

W - Hr .
R A s "'h"""“-...-‘__

T ;r’"“ H"‘"ﬂ.ﬁ T N e,

¢ } 5 k : b , 2 gf*"f ., S,
S Audio N/ Audio N Audio N 7 Audie

Source k\\m sink #ffj f_ Sﬁufce{fxl \\3¥ sink

f_w-r"’ ! T, -~ | ‘ AN g
/ Audio 7 Audio %1 /7 Audie

\ Gontrolier Controller Gontrotler |

() (d}

;‘ﬁ - Audio H’} fﬁ Aﬁd A

\ Control ler

{e)



U.S. Patent Mar. 27, 2018 Sheet 20 of 33 US 9,930,477 B2

f{[ Source

- A e o S
"-?.__-'t; Ty
-

Audic
Controller

(b)

''''''''' - e e e
-._".,‘r'-" --.-_.._‘“\‘ - ..__“-\‘

- ya
S Audio N/ Audio

p Audio
A\ Control ler



U.S. Patent Mar. 27, 2018 Sheet 21 of 33 US 9,930,477 B2

[F1g.21]
' Audio Source entily M/0 | % Audio Source entity Mﬁﬁé
~#Audio Source service | M |<—lAudio Source service M
tMeta-data service M1 Meta-data service M
+Transport info. service jmaf] § siransport info. service | U
Gg{j&giﬁfgsﬁrwfge ---------------------------- f} _____ | ““*fﬁi}dﬁﬁ Info. service 0
sMixing servige {J i é*fﬁixiﬂg seryice {
-»thudio Controlfer Access service | M | | W
—tVolume service 0 Mo
Eww Audio Controlier entity E
TG ent “access to Service | (Audio Controller client | M

M0 © Mandatory or Optional
Cl1 : mandatory iT connection oriented channhel,

optional it connectiohiess channel



U.S. Patent Mar. 27, 2018 Sheet 22 of 33 US 9,930,477 B2

[Fig.22]

' G/S
' 3ervice

ol ient

Eaﬁtity

Audio
| SOUroe

 deseription
- Provide interfaces to sudio streaming {start stop, suspend and

ToF PN TR

resume! and can be controlied by the command sent by audio
controlier
|~ Send Advertising information related to audic siream

{eodec information, mete-data, source stream paramsters, ele)

Tdio Sk

T L |

- Provide interface for synchronization to the stream served
| by audio source

- Render ing audiﬁ str&am

~ Provide mﬁtaﬁdata rﬁiatﬁé on audio stream
- channel info, stream info, bit-rate, codec, sample rate,
audio source info, audio sink info. Lanmusge, sitream identitier,
number of channels, application type{slerm, public announcement

| phone call, music, video, adveriisement)

Controller
Acoess

Godes
information

Transport
information |

3
3

‘E

3

'~ Provide interfaces for registering and maintain

- Oblain

ning ong or more
audio controlier olients

- Provide access controi . It allows to prevent acosss from

| ynauthor ized audio controllar olient.

~ Audio controlier client can uses the service offered by audio
source and audio sink after registration
ing audio streaming information from audio sotree

- Provide an interface to query supported codes list

|~ Audio source and audio sink support this service. Audio controiler

¢iient negotiate & mateh information after guerving information
from audio source and audio sink.

im Provide interfaces to get transpart ﬁﬁf&mﬁtﬁfﬁ

- Audio source and audio sink support this service. Audio controller
cifent negotiate & match informalion sfter gquerving information

from audio source and audio sink

R Amﬁ i G-

Mixing

Yolume

-

'~ Provide features for mixing audio channels into one chennel.

- This service can be supported by audio source and audio sink.

controller

Audic Sink

T aaat

'~ Use all services EUﬁﬂﬂrtﬁﬁ hy audio source and sudie sink

|- Provide feature for up/down the volume
?-Th;s can be supported by audio source snd audio sink

~ This client can be located in audio controller entily. Audig

| controtier entity can be resided in the audic source device,
| audio sink device or dedicated separate remote contrel.

- {btain
|~ aynchronizing audio
| receiving audio
|~ Gan only be focated in sudio sink

ning audio streamtﬂ# information from audio controller '_
streaming information Trom audio source Tor

strean data



U.S. Patent Mar. 27, 2018 Sheet 23 of 33 US 9,930,477 B2

[Fig.23]

ferminoiogy 1o Sarvice mapping

. T entily ﬁud Auﬁ
ﬂhazmm\
i

ﬁLdlﬂ*ﬁ Aévart szng éﬁﬂgnnaement; sarviee . sent serv;ee

2 Audlﬁwﬁ (Control, Configurati {on) Service § ient service
Auﬂne-ﬁ (Streaming) S8rViCe aliaﬂt B
{a

Sarviﬂﬁ mapping within Client-Server Architecture

T —_ entity | Audic | Audic
Svol | ; )
aﬁaﬂﬂei magpiﬂg . | Spuree %G@ntrﬁiﬁ er
1 | | (for Audio-A) | service | izeﬂt
{1Audio Source | e : ; ,
? i L {Tor Audio-0) | gaervice | oiifent
: SBrvVice oo e — b
31 {for Audjo-S) | service | - _ _
4 hudio Sink (for Audio-A) ~ olient service
; gdio Sin — e B e
I (for Audio-C) - } ciient | service
| ' Fy ; ; :
6 (for Audio—3) ; - z ~
______ 1 %ﬁtﬁﬁ&tmﬁwe%@Wﬂﬂ“eﬂt
Transg&rt iﬂfﬁrmatnaﬂ service SEryvice zaﬂt Service
Gdoec Information service service | client
Gontents sncryption service service | client
Prﬁteat;ﬁﬂ . ,
service decryption service j - ciient service
12 {Audio Controller Access service . service | client
Mixing service  service | client client
%f jume service service | client client




U.S. Patent Mar. 27, 2018 Sheet 24 of 33 US 9,930,477 B2

[Fig.24]

First device | Second device
200) | (300

Establish LE connection

____________________________________________ (524010
N %

Fstabiish service level connection

____________________________________________ s24020
) e

Negotiate codec and transfer ﬂﬁfﬁWEtéfSé
(S524030) 4
_______________________________________________________________________________________________________________ L/

tstablish isochronous connection ;
____________________________________________ 24040y 00/
4

Fstablish audio stream connection

____________________________________________ s240800
4




U.S. Patent Mar. 27, 2018 Sheet 25 of 33 US 9,930,477 B2

[Fig.25]

First device - Second device
Qoo | | (3003

1
e ]

Estab?iah LE connection
(525010}

‘Negotiate codec and transfer parameters
' (S25020) f

rd

“Establish isochronous connection N
s030)

Ay

Establish audio stream connection N\
(S25040) V4

4




U.S. Patent Mar. 27, 2018 Sheet 26 of 33 US 9,930,477 B2

FIg.20

Audio Audio ; : ;
Source Controller | é Sink ;

F o O I O g i T i N

T b e L E.! 1.8 s nin LR R W A e LE_E B T ] LE TR T T ] L T ) ] LR G ik LR T L TN T T A e b T R oL B T T S T P M e P o L T LR R T T T P e A - L ] LEE ok T LR T

Attty

A e L e g

=TE = g T

Advertise

L

=T

26100
Connect

W W W WD W N MW W W W AL W N N WL W W MW N WD N W W W WL W WD W W R W MWW MW W WD W WM W WL WD WD W W WL W W[ W W WL W W W W WW W W

{4#' wFade Fo b gl gt ol ol
r

e B ] et L e T Wl el At el b e ] R o ] Tt il o L o )

i LAt LEk Ak oy e o bk oy LR S A A e e ek o e e EE LI LT o e i o o o LA L AL L R AL L e et MWL ey

W,

Advertise

A i Ly
WA A L

et

o Y T e

A
o

L L L Ly

T e ]
=TrT=Tn
T A L e

e

Connect .

-‘c-ﬁwﬂtu-:ﬂ:u:u-e-true-tu:*tu.-_ve'-ru:utulﬂ-ﬂw-v:ul%ue«u-ﬁw-tH'ﬁ-uw;-v:uuﬂ:ul«Ie*ltwe'-tuule-uue-ﬁu:ﬂ%w%w*qtﬂ!ﬁu{tuﬁwﬂquwﬂ-ﬂ-m%

| Connect

-

A

L A

L L L

*!"!"l:"!"!"!'"!"':"!"!"_"!t"!‘:‘!"!"!'"!"':"!"!'!"'!'l"‘!"':"!"!"!"‘!""!"!'!"'!t"!"l:"!"!"!'"!"l:‘!"!'!"!":"!"l:'!IT"!"!!"!I"!!"!I‘!"!"!‘!":‘! WL W WL W W WS W W WO WCCH W WL W WU WS MWLM WO WO WL WM W W W W W WCWE WWLWE WN W W WO WW W WL W W W W WOW WH W WW WO W LW W)

. i
- :
¥ i
% - |
T o o T LT e 't e w4 e ' e o ik ' L L ! 4yt e e e T L iy 'y i el ek 4 i i T TILE Bkl i, o e e e ek e gk el e e kg iy b gk ol e e e ol oyl e e Y e g L
g |
r
g |
F
:
1
1
L
- I W N H WL WM W W W W W W W W W W M N N MWW WM MW W W W W W W W W W W W W W M W W W W W W I W I W W W W N W W W WL MWW W W W W W LW W W S W T N N NI N W W MWW W W W W W W W W W W e e
'-I‘:.:.
._.'_"‘
._._*
E
o
-
E

abl ished

¢ BLE Connection es



U.S. Patent Mar. 27, 2018 Sheet 27 of 33 US 9,930,477 B2

[F1g.27]
Audio
Controlier
27100 -~ Bi.E Connection established
T o
E
i Register RO
E _
T Response
E .
E?EQG#MMHE hhhhhhhhhhhhhhhhhhh Response
E
S T ———— *\,\RX

Audio Controllers’ control path opened




U.S. Patent

[Fig.28]

Mar. 27, 2018 Sheet 28 of 33

- Audio
- Lontrolier

PP B L L o o
28200 ~—— < Audio Controlliers controi path opened

L

De-register RC
De-register RO

Response

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Response

Audio Controllers” contro!l path closed

US 9,930,477 B2

o i el




U.S. Paten Mar. 27, 2018 Sheet 29 of 33 US 9,930,477 B2

Fig.29

¥

Audio
Source
antity

Audio
Gﬂtf?iﬂ%f

A EErErTEFFEEEEEEErEEsrry
I o I S L ol L

< Control channel opened m

' - I : -HL‘:

| Query supported codecs | Query supported codecs |

Ty 2

. i

A {

i % gy B : h

h . 23 . . _ . _ . . . _ . . . . " . : 1

3 : e il 3 f : LI e s J h ' - X

N - AN M N ST Y N N M S S N R S R S N Sl A T N M Mg SR R S S i S g S Tl S Y MM S S Rl S N ] Al A S N M e ’ " ’ ’ oo : o K 1 o

: : J§ 1 o e e A o v e o e v o v e o e et e e e~ e A e e ol ek bl e e e Y e e Y i e ey e e e " 1 " :
. . % - _ . _ . - .

5 ' ) | 3 ‘. I .G B | . 5

I O T N T T T WL W W M P i, T T, N N L W T N T, TP, S, T S W W T, W W T, W W i W e T, ; i 13 : E. K

- T T T S iy L T T T e T e T i T T o T e e e T T T T T T T T e T e Tt e T Sy Ty S T T ey ey e e T

Supported codecs & [T Supported codecs &
transport information | transport information

L e
- e b

transport
negotiate
mechani sm

e T
. . ale s .

et gt g
. . ale ke, whe.

.
T, W, W W W W W WO W WO WO, W W W W W CWW CWOW W CW,W W, NI W W W WM WO N W W W W W W OW R W WW N WO OWOW W

; - Find matching codec and B ' o
: - transport information PRI E

; evensrsrmrssomtr oo oo | jorfented
s . oo ] L | 1channe

| Negotiated codecs & | Negotiated codecs & |

- transport information | transport information |

4

LR L L L] TErEE. mEmEm —mwmT. T En mwmET memEE. —mwEEE - e e —wmmnr T - w LA L L L L b e kA mETE - - m e - wm e P T

start streaming

R | LI LI R | e J Y I T | = . « IR T < T R L R R T | = L R | - 1 LR L 1 L |

b bl L - . [ ] nd & - b - - L - 4 L n - . * : = [ A [} byl 4 L 4 ’ A bl L R
Wtk L T | o L | R | I | I L S L L A | ol L L L A
- % LI - T 4 - 1 T ¥ - . 1 L LI a L " ok LI = % - . R ] ~ ] oy L a oy - . "
- 3 L - -k - . ] - . - - LI IS ¥ LI =~ % o r Lt % - - E R - - x T - . L - -
H =y ) 4 1 LI * 4 L L) & - . LR 4 LI Ny T4 * I L F 1 L 3 L L I3 = H .
1 5 L % - LI % = 1 LI L 4 LI - R LI - R 7 . a Lt 3 . - LI - . - - v
] LI - I - . I T - . a LI -~ - LI - - % L r Lt % - . £ % - . x L EA ]
s [ P [ . T a—_— ot u" - - a - n | " [ Ly e " P A" P— e . - -k, [ s “" -
L] R - : 5 - L] R Y = LI - a LI ] e o L i = . ¥ oo - . £ T - L] o A 5 * B
~ " ¥ - . 1 . 1 - . a LI L £ gk 5 - - - r . - L] .
= . - ] u - ~ r . § = - - = . - ' " - 1 . L ' = 1. ' L] - u L 3
N y - ot N - - - o 1 - . F] N y * a N - o L I [ - i - ¥ L -
- - 1] - - - - LY el - L - F] el - L5 4 - 1] = - - F L] . 1] = =
L - ER ! = . - o - . ¥ L - . z » L] - - 3y . : . . o - 1 N . . 5 -
- - " - - - N - - L] - - - A - n " n - - - A ~ . * G : 1 N
W - TN .- " TN - 1 oot e * O R g+ ¥ : 4 4 ’ sy C
- ..' '..' 1,"' - - 2" '. : ."‘ - - ..‘ 2 4 o - ¢'1' . - . - bl ..-J '. * § - e ," d ¥ - J" . ] - - 2 " & ‘- 1‘ - - - [
W - n M . * " L L] - - . . " - . - o . L A v + 4 Y . I [ v G a L - ¥ vy
LR % L " i % wooo a LI . a . L " i H L - T =L 4 Lt ] . i LI = . ¥ = - % L LI *
- - - . - R 1 - . ' L - - ¥ LI - Ltk LI - Lt % - . £ % - ] LI - . x LI Lt % i -
a A - a . \ - £ . - ’ M. » . \ . £ . \ - 2 S - 2 -, i, 2 - - I S -
- L] - - L k - - - b r - d b 1 n . L] = . L . L] r - a - n i - A = - *r - * + " - k L -
* % - - L] - » = s - . - = - AR L + ok - . [ L - ¥ L - . * - - % -
" ) - . " ¥ - 3 - - ¥ oy - 3 oy ~ y - L] ] = 1 oy - L] 5 - L] o




U.S. Patent Mar. 27, 2018 Sheet 30 of 33 US 9,930,477 B2

T e o s T T T o s T ot T o s s T s s o T s e s

Audio |
Source
entity

[OT] TR VLR PRSP S PR S T TPL AL LS TPL TPL SR LT S SR T TR PR PSSP T T TR TP L TP S PR SPL SR LS LS TP T BT e T T s T T e e s T s T o " T e e o o T " s e e e T

Audio Audio |
Gontrotler | ink |
entity | - entity

P g R g g
o T T Tl T T T o o T T A L (o o i

m»"f‘ Ak"\

¢ Control channe! openea
i Query supported codecs | d 2
1 & transport information puaeos
——,— hegotiated
| Supported codecs & Emeghanism
'} transport information | Inform codecs & +
g transport information | 707 ,
; ' ' ™ connection
; Sync to audio stream ;Qf?eﬂt@é
| from audio source ‘charne |

s 2o Rudio st eam sen




U.S. Patent Mar. 27, 2018 Sheet 31 of 33 US 9,930,477 B2

Fig.31

Detault codec &
arameter setting &Qﬂ&““&x
ey i > i e
Audio

Audio |/ Audio |
SNk
entity

Source | / Controller |
entity |/ entity |

L G A ke  aE  FE l a a  a a

pap——

| Query transpor very transport ;

i __information information |

| transport intormation | transport information |

; . Codec

; R | Negotiation
; - Find matching | | .may sKipped
f  transport information f

ap informat ion | information ?

L L LA L—

T Ty H- = e e o dnin T i hh o e LR R ] i e e o e e - T - Lok, o T e ‘i e e “Hr e e “H-r e e T e TP e - e et - T ShR R T H Y L

start streaming -

- - - L - - - - - - 1 - - - - - - - -
W R W LR W W R W L W L R L R W N L WL W N T W LW LW W W W W W W W R R Y R W ,RCW W R AWy W oWy w _I-:-le:_ll*lu..h_
- a1 =" LI v - . = . CHE - LI - F = . - . L - = . Foa - LI - I BNt e

a . ’ r a4 § * = 1 1 h
. ¥ W ¥ o [ o W .- bl - L o > L . - * W - ¥ ' . L » ' " - o - . Fl L - ] - » . -
- M . W " o S " . LN .
1 = 4 n L] - ' L] - - -
~ W W o . ' . " .- iy + .
" L] o n - n a x [P I
L bl [ - . [ ] - - " 5 .
- 1 1 - _ I N - " . 2
IR . . CR A + .
] - ] - - - - ] =
1 ~'|. .‘:" e ‘F "' . - - +T ‘J _"
'\l . = -t " x . 2t L] Lt F -
- - - " . - L. o
\ = . 2 L - 4 . £
LS = - L ] il " - L] . o,
M a X L. - . o
Ny - - ] 1 . = - . r
- » . . - w a
u - a - 1 - . + s
- . ] 1 - - o r Fl
n - " N L -
=", M T . -



U.S. Patent Mar. 27, 2018 Sheet 32 of 33 US 9,930,477 B2

I g *
e S e S i S e S T e S e T e T T T e e T i S S i e e S e e e e T i e Vi e T S S S e e T e S S i e S e e e e S e S e S e S e S e S e Y e e T S Vi S T e S S T e e S T e S i T S S S o e e S T S e S T S e e T

Audio | Audio Audio |
Source | Controller - Sink |
entity | entity - entity |

-lq-ll-r-‘

o

-

Advertise oodscs &
transport information

), S S L S . T U . ) 0, S g T o Y

L Lo e e e e FrEET L e i ol e Lt i e g | Lt e e | R R L e e e e ] R . R L e e ab nle s | T L g e e ] ke e e a ] e e e ale | e e i e ] e e i e ] b e ]

.ﬁ'.ﬂ'.f.ll.i““’r

1
1
1
1
1
1
:
1 2 E
1
' i :
] ' L]
1 . i
1 . .
E Y
: = - LT aliQpayr
: _ o ¥ 3
3 . . Y
X . ] _ ) 4 (]
' . . . .
. .
f b
5 ! 'l'k"b'i.'t‘-"':‘!.'l.-|"l'.'|.'l.-|'t‘F.'l.'k‘t'l'l.-'t‘r.'l._-'t‘!.-.-'t‘b'l'l.'k‘l'.'l'l.-‘t'l'l.-'t‘t'l.-'t'L'l‘-'":‘!.'t‘-":‘h'l.-'t'l'l.ﬁ't‘b-.-"t‘b'l.-'t‘b'l.'l.'h* :
1
L
1
F 4
9 : 3 .
1
ES
: £ 3 E E } B ;
L : . 3
1 . ]
: ' | : ; f ?A
1
1
1
1 . > ﬂ
: . f :
1 .
r . L 1
b . 4
1, .
1 P WO N WY Pl i B B Y . WL 'l B B P
a
: H
: » by
4 | 1 L
1 .
- 1 . :
: 5
L ' 3
! ‘ h
1
] 1 . L]
L X "
' >
] ! [
: é
1
- i . P . . . R . Rl . Ealkii . IR .
r - ;'r i_;."i o . - '.u'* co ey T -.."- S r-*‘ o '.-'| L ‘_J-rf K T - '_-'l _l..--".I o r:'r S -~ _'-""\'
" - & " .F .7 = 2" S " - o - a " o U " " - " - i o S " - o
W q."'- u T R R o S oo T v ,‘-" Y L o .- A s " \‘:‘ﬂ'
_-.-' - _}rﬁ'ﬁ' _Iili' _-' .r I-"' ‘l‘ .."l. ..". . 5-"' ._-I- .."" ..'. ‘-rr ..". A a rr' .r.' - M-\."' --‘ ‘-r I_----' _'rr ‘." ..-"- .."‘ -1'-' __-' 11I| I..:‘\‘-‘. .
i"' ; r * a ‘r- _-' " - .r.' . - . - i oL ‘!* ‘_-.' .r _-.-" JI-" W _-u- _.-." ‘4" _n-" "-rI| 2 .Ir..- .
i _,J'r “r . . 1" . N . _.r-| v '.‘ '-I'i 1.. I_\l.\, 1."' r‘. “r _\.“ r1_r |."1 -l_- -.F'r r1! . -‘_- .'. 1-." ..'1' 11:
. i ||_! . ‘r‘ ,\_'- “a o ‘." rr‘ . q|. u _n ‘_r"r _:. N a T ) - : '!:1' 1.'. ‘-‘ .\.'- ‘_rJ' 1"- .'d“ -.."-Il _rrr' _"- il_--" n v .."1 r"'"
. - - A - Gt R - o . « " .."L " ' e SR . - . a - - 2 " _"I. - PR -
“" " < T . b at - - a . . - e - » - .7 ' & T . N at - ! . . . - . .’ N r - . ' F g . " " - 'y . -
N . A SO R R R e T L L e ot e R P T RS R Y



U.S. Patent Mar. 27, 2018 Sheet 33 of 33 US 9,930,477 B2

[Fig.33]

Open controi channel e §331O0
Perform codec and transport e 827960
negotiation procedure




US 9,930,477 B2

1

METHOD AND APPARATUS FOR
TRANSMITTING AND RECEIVING DATA IN
WIRELESS COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This non-provisional application claims the benefit under

35 U.S.C. § 119(e) to U.S. Provisional Application No.
62/265,957, filed on Dec. 10, 2015, which 1s hereby
expressly incorporated by reference into the present appli-
cation.

BACKGROUND OF THE INVENTION

Field of the Invention

The present mvention relates to a method and apparatus
for connecting alternative communication means using Blu-
ctooth, that 1s, a short-range communication technology, 1n
a wireless communication system and, more particularly, to
a method and apparatus for providing the transmission and
reception of audio streams using a Bluetooth low energy

(BLE) technology.

Related Art

Bluetooth 1s a short-range wireless technology standard
that may wirelessly connect various types of devices and
allows them to exchange data over short distances. To enable
wireless communication between two devices using Blu-
ctooth communication, a user has to perform the process of
discovering Bluetooth devices to communicate with and
making a connection request. As used herein, the term
“device” refers to an appliance or equipment.

In this case, the user may discover a Bluetooth device
according to a Bluetooth communication method mtended to
be used with the Bluetooth device using the Bluetooth
device, and then perform a connection with the Bluetooth
device.

The Bluetooth communication method may be divided
into as a BR/EDR method and an LE method. The BR/EDR
method may be called a Bluetooth Classic method. The
Bluetooth Classic method includes a Bluetooth technology
led from Bluetooth 1.0 and a Bluetooth technology using an
enhanced data rate (EDR) supported by Bluetooth 2.0 or a
subsequent version.

A BLE technology applied, starting from Bluetooth 4.0,
may stably provide information of hundreds of kilobytes
(KB) at low power consumption. Such a BLE technology
allows devices to exchange information with each other
using an attribute protocol. The BLE method may reduce
energy consumption by reducing the overhead of a header
and simplifying the operation.

Some of the Bluetooth devices do not have a display or a
user interface. The complexity of a connection, manage-
ment, control, and a disconnection between various Blu-
ctooth devices and Bluetooth devices using similar tech-
nologies 1s 1ncreasing.

Bluetooth supports a high speed at a relatively low cost
with relatively low power consumption. However, Bluetooth
1s appropriately used within a limited space because 1t has a
maximum transmission distance of 100 m.

SUMMARY OF THE INVENTION

This specification 1s directed to a method of transmitting,
and receiving data using Bluetooth Low Energy (LE) tech-
nology in a wireless communication system.
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One embodiment of the present invention provides a
method for a first device to transmit and receive data using
Bluetooth Low Energy technology 1n a wireless communi-
cation system, the method including: opening a control
channel for controlling a second device and a third device;
and performing a codec and parameter negotiation proce-
dure for the transmission and reception of an audio stream
between the second device and the third device, the first
device being a device that controls the second device and the
third device, the second device being a device that transmits
the audio stream, and the third device being a device that
receives the audio stream.

In an embodiment, it the control channel 1s a connection-
oriented channel, the performing of a codec and parameter
negotiation procedure may include: sending to the second
and third devices a query for codec information on sup-
ported codecs and transport information related to the trans-
mission of the audio stream; receiving the codec information
and the transport information from the second and third
devices; performing codec and parameter negotiation based
on the codec information and the transport information; and
transmitting the negotiated codec mnformation and transport
information to the second and third devices.

In an embodiment, the method procedure may further
include transmitting to the second device a first control
message for initiating the audio stream, wherein the second
device may initiate the audio stream according to the first

control message, and the third device may receive the
initiated audio stream from the second device based on the
negotiated codec information and transport information.

In an embodiment, 1f the control channel 1s a connection-
oriented channel, the performing of a codec and parameter
negotiation procedure may include: sending to the second
device a query for codec mformation on supported codecs
and transport information related to the transmission of the
audio stream; receiving the codec information and the
transport imnformation from the second device; and transmit-
ting the codec information and the transport information to
the third device.

In an embodiment, the method may further include trans-
mitting to the third device a second control message for
synchronizing the audio stream from the second device,
wherein the third device may receive the audio stream from
the second device based on the recetved codec information
and transport information.

One embodiment of the present invention provides a first
device for transmitting and receiving data using Bluetooth
Low Energy technology, the first device including: a com-
munication unit for communicating with the outside in a
wired or wireless manner; and a processor functionally
connected to the communication unit, wherein the processor
may open a control channel for controlling a second device
and a third device, and perform a codec and parameter
negotiation procedure for the transmission and reception of
an audio stream between the second device and the third
device, the first device being a device that controls the
second device and the third device, the second device being
a device that transmaits the audio stream, and the third device
being a device that recerves the audio stream.

Technical objects to be achieved 1n this specification are
not limited to the alorementioned objects, and those skilled
in the art to which the present invention pertains may
evidently understand other technical objects from the fol-
lowing description.

Advantages which may be obtained in this specification
are not limited to the aforementioned advantages, and vari-
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ous other advantages may be evidently understood by those
skilled 1n the art to which the present invention pertains from
the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated 1 and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 1 shows an example of a wireless communication
system using a BLE technology according to an embodiment
of the present invention.

FIG. 2 shows an example of an internal block diagram of
a server device and a client device capable of implementing
methods according to embodiments of the present invention.

FIG. 3 shows an example of a BLE network topology.

FIGS. 4 and § show examples of Bluetooth communica-
tion architecture to which methods according to embodi-
ments ol the present invention may be applied.

FIG. 6 shows an example of the GAT'T Profile structure of
the BLE specification.

FIG. 7 shows an example of a method for the connection
procedure of the BLE specification.

FIG. 8 1s a flowchart 1llustrating an example of a method
for providing an object transier service according to the BLE
technology.

FIG. 9 1llustrates the characteristics of an audio signal.

FIG. 10 shows an example of a protocol stack of BL
which may use an 1sochronous channel.

FIG. 11 shows an example of a home ecosystem for
applications to which an 1sochronous channel may be
applied.

FIG. 12 shows an example of the type of an 1sochronous
channel.

FIG. 13 shows an example of an operating state transition
according to the BLE technology.

FIG. 14 shows various examples of isochronous stream
transier through an 1sochronous channel.

FIGS. 15 and 16 1illustrate another example of a data
transfer method using an 1sochronous channel.

FIG. 17 shows examples of an 1sochronous channel
packet format which may be applied to methods according
to embodiments of the present invention.

FIG. 18 1s a diagram 1llustrating audio entities for audio
transmission according to an embodiment of the present
invention.

FIG. 19 shows physical topologies of audio entities
according to an embodiment of the present invention.

FIG. 20 shows multiplicity topologies of audio entities
according to one embodiment of the present invention.

FIG. 21 shows client-server interactions within audio
entities according to one embodiment of the present inven-
tion.

FIG. 22 15 a table of definitions of service/client charac-
teristics according to one embodiment of the present inven-
tion.

FIG. 23 shows service usage architectures in respective
entities according to one embodiment of the present inven-
tion.

FI1G. 24 15 a flowchart illustrating an example of a method
for sending and receiving audio streams through an LE
connection to which a method proposed 1n this specification
may be applied.
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FIG. 25 1s a flowchart illustrating another example of a
method for sending and receiving audio streams through an
LE connection to which a method proposed in this specifi-
cation may be applied.

FIG. 26 1s a flowchart 1llustrating a method of establishing,
a BLE connection according to an embodiment of the
present 1nvention.

FIG. 27 1s a flowchart showing a method of registering an
audio controller according to one embodiment of the present
invention.

FIG. 28 1s a flowchart showing a method of deregistering
an audio controller according to one embodiment of the
present invention.

FIG. 29 shows a codec and transport negotiation proce-
dure according to one embodiment of the present invention.

FIG. 30 shows a codec and transport negotiation proce-
dure according to another embodiment of the present inven-
tion.

FIG. 31 shows a codec and transport negotiation proce-
dure according to another embodiment of the present inven-
tion.

FIG. 32 shows a codec and transport negotiation proce-
dure according to another embodiment of the present inven-
tion.

FIG. 33 shows a method of transmitting and receiving
data according to one embodiment of the present invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Heremaftter, the present invention 1s described in more
detail with reference to appended drawings.

A suthix, such as “module” and “umt” introduced 1n the
description herein, 1s assigned merely to facilitate descrip-
tion of this document, and the “module” and “unit” may be
used interchangeably.

In this document, a device refers to a device capable of
wireless communication, including a mobile phone, such as
a smart phone, a tablet PC, a desktop computer, a notebook,
and television, such as smart TV and IPTV.

Hereinatter, embodiments of the present invention are
described in detall with reference to the accompanying
drawings and description contained in the drawings, but the
technical scope of the present mnvention 1s not restricted by
the embodiments.

Wherever possible, general terms widely known to the
public have been chosen as long as the terms do not obscure
their technical functions intended in the present invention;
however, those terms may be changed depending on the
intention of those skilled 1n the art, practices, or the advent
of a new technology.

In some cases, specific terms are chosen arbitrarily; in that
case, a specific meaning of a corresponding term 1s
described 1n a corresponding description.

Therefore, the terms used 1n this document should be
interpreted on the basis of their actual meanings and descrip-
tion throughout the document rather than the immediate
names of the terms.

FIG. 1 shows an example of a wireless communication
system using a BLE technology according to an embodiment
of the present invention.

The wireless communication system 100 includes at least
one server device 110 and at least one client device 120.

The server device and the client device perform Bluetooth
communication using Bluetooth low energy (hereinafter
referred to as “BLE”, for convenience sake) technology.
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First, compared to a Bluetooth basic rate/enhanced data
rate (BR/EDR) technology, the BLE technology requires a
relatively small duty cycle. Products based on the BLE
technology may be manufactured at a low cost, and may
require very small power consumption at a low speed data
transier rate. The products may operate more than one year
with a coin cell battery.

Furthermore, the BLE technology simplifies a connection
procedure between devices and requires a smaller packet
size than the Bluetooth BR/EDR technology.

Features of the BLE technology may be summarized as
follows: (1) the number of RF channels 1s 40, (2) a data

transier rate of 1 Mbps 1s supported, (3) a star topology 1s
used, (4) latency 1s 3 ms, (5) a maximum current 1s less than

15 mA, (6) output power 1s less than 10 mW (10 dBm), and

(7) major application fields include mobile phones, watch,
sports, health-care, sensor, and device control.

The server device 110 may operate as a client device in a
relationship with a different device. Likewise, the client
device may operate as a server device 1n a relationship with
a different device. In other words, 1n a BLE communication
system, a device may operate as a server device or a client
device. In some cases, a device may operate as a server
device and a client device at the same time.

The server device 110 may be called a data service device,
master device, master, server, conductor, host device, audio
source device, or first device. The client device may be
called a slave device, slave, client, member, sink device,
audio sink device, or second device.

The server device and the client device form a main part
ol a wireless communication system, and the wireless com-
munication system may include other elements 1n addition to
the server device and the client device.

The server device refers to a device which receives data
from a client, directly performs communication with the
client device. When receiving a data request from the client
device, the server device provides data to the client device
through a response.

Furthermore, the server device sends a notification mes-
sage and indication message to the client device to provide

information to the client device. Furthermore, when trans-
mitting an indication message to the client device, the server
device receives a confirm message corresponding to the
indication message from the client device.

Furthermore, the server device may provide information
to the user through a display unit or recerve a request input
from the user through a user input interface while transmut-
ting and recei1ving notification, indication, and confirm mes-
sages to and from the client device.

Furthermore, the server device may read data from a
memory unit or write new data to the corresponding memory
while transmitting and receiving messages to and from the
client device.

Furthermore, one server device may be connected to a
plurality of client devices and may be easily connected to
client devices again using bonding information.

The client device 120 refers to a device which requests
information and data transmission from a server device.

The client device receives data from the server device
through a notification message and indication message.
When receiving an indication message from the server
device, the client device sends a confirm message to the
server device.

Like the server device, the client device may provide
information to a user through a display unit or may receive
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an mmput from the user through a user mput interface while
transmitting and receiving messages to and from the server
device.

Furthermore, the client device may read data from the
memory unit or write new data into the memory unit while
transmitting and receiving messages to and from the server
device.

Hardware components, such as the display unit, user input
interface, and memory unit of the server device or client
device, are described 1n detail with reference to FIG. 2.

Furthermore, the wireless communication system may
form a personal area network (PAN) using a Bluetooth
technology. For example, the wireless communication sys-
tem may exchange files and documents 1n a prompt and safe
manner by forming a private piconet among devices.

A BLE device may operate 1 order to support various
Bluetooth-related protocols, profiles, and processes.

FIG. 2 shows an example of the internal block diagram of
a server device and client device capable of implementing
methods according to embodiments of the present invention.

The server device may be connected to at least one client
device.

Furthermore, in some embodiments, the internal block
diagram of each device may further include other elements
(or modules, blocks or units), and some of the elements of
FIG. 2 may be omitted.

As shown 1n FIG. 2, the server device includes a display
unmit 111, a user mput interface 112, a power supply unit 113,
a processor (or controller) 114, a memory umt 1135, a
Bluetooth interface 116, another interface 117, and a com-
munication unit (or transmission/reception unit) 118.

The display unit 111, user input interface 112, power
supply unit 113, processor 114, memory unit 115, Bluetooth
interface 116, another intertace 117, and communication unit
118 are functionally interconnected so as to perform a
method according to an embodiment of the present inven-
tion.

Furthermore, the client device includes a display unit 121,
a user mput interface 122, a power supply unit 123, a
processor 124, a memory unit 125, a Bluetooth interface
126, and a communication umt (or transmission/reception
unit) 127.

The display umt 121, user input interface 122, power
supply unit 123, processor 124, memory unit 125, Bluetooth
interface 126, and communication unit 127 are functionally
interconnected so as to perform a method according to an
embodiment of the present invention.

The Bluetooth interface 116, 126 refers to a unit (or
module) capable of transmitting a request/response, com-
mand, notification, indication/confirm message, or data
between devices using the Bluetooth technology.

The memory 115, 1235 1s implemented 1n various types of
devices and refers to a unit in which various data 1s stored.

The processor 114, 124 refers to a module for controlling,
an overall operation of the server device or the client device,
and controls the server device or the client device 1n order
in order to request the transmission of a message through the
Bluetooth interface or other interface and to process a
received message.

The processor 114, 124 may be represented by a controller

or a control unit.

The processor 114, 124 may include application-specific
integrated circuits (ASICs), other chipsets, logical circuits
and/or data processing devices.
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The memory 115, 125 may include read-only memory
(ROM), random access memory (RAM), flash memory, a
memory card, a storage medium and/or other storage
devices.

The communication unit 118, 127 may include a baseband
circuit for processing a radio signal. If an embodiment 1s
implemented 1n the form of software, the aforementioned
method may be implemented by a module (process or
function) which performs the atorementioned function. The
module 1s stored 1in the memory and 1s performed by the
Processor.

The memory 115, 125 may be 1nstalled inside or outside
the processor 114, 124 and may be connected to the pro-
cessor 114, 124 through various well-known means.

The display unit 111, 121 refers to a module for providing,
status mformation about a device and message exchange
information to a user through a display.

The power supply unit 113, 123 refers to a module for
receiving external or internal power under the control of the
controller and for supplying power for the operation of each
clement.

As described above, BLE technology 1s characterized by
a small duty cycle, and considerably reduces power con-
sumption at a low data transfer rate. Accordingly, the BLE
technology 1s capable of supplying power for the operation
of each element even with small output power (which 1s less
than 10 mW (10 dBm)).

The user mput interface 112, 122 refers to a module for
providing a user input, such as a display button to the
controller, so that the user may control the operation of a
device.

FIG. 3 shows an example of a BLE network topology.

Referring to FIG. 3, a device A corresponds to a piconet
(piconet A, the shaded area) master having a device B and
a device C as slaves.

In this case, a piconet refers to a set of devices 1n which
one ol a plurality of devices functions as a master and the
others occupy a shared physical channel connected to the
master device.

A BLE slave does not share a common physical channel
with a master. Each slave communicates with a master
through a separate physical channel. There 1s another
piconet (piconet F) including a master device F and a slave
device G.

A device K belongs to a scatternet K. In this case, the
scatternet refers to a group of piconets interconnected to
cach other.

A device K 1s the master of a device L and also a slave of
a device M.

A device O also belongs to a scatternet O. The device O
1s a slave of a device P and also a slave of a device Q.

FI1G. 3 1llustrates a case where five diflerent device groups
are formed.

A device D 1s an advertiser, and a device A 1s an 1nitiator
(group D).

A device E 1s a scanner, and a device C 1s an advertiser
(group C).

A device H 1s an advertiser, and a device I and a device
I are scanners (group H).

The device K 1s also an advertiser, and a device N 1s an
mitiator (group K).

A device R 1s an advertiser, and the device O 1s an 1nitiator
(group R).

The device A and the device B use one BLE piconet
physical channel.

The device A and the device C use another BLE piconet
physical channel.
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In the group D, the device D performs advertising using
an advertisement event which may be connected to an
advertising physical channel, and the device A 1s an 1nitiator.
The device A may establish a connection to the device D and
add a device to the piconet A.

In the group C, the device C performs advertising through
an advertising physical channel using a certain type of an
advertisement event captured by the scanner device E.

The group D and the group C may use diflerent adver-
tising physical channels or different time frames so as to
avoid a collision.

The piconet F has one physical channel. The device F and
the device G use a single BLE piconet physical channel. The
device F 1s a master, and the device GG 1s a slave.

The group H has one physical channel. The devices H, 1,
and J use one BLE advertising physical channel. The device
H 1s an advertiser, and the devices I and J are scanners.

In the scatternet K, the devices K and L use a single BLE
piconet physical channel. The devices K and M use another
BLE piconet physical channel.

In the group K, the device K performs advertising using,
an advertisement event which may be connected to an
advertising physical channel, and the device N 1s an initiator.
The device N may establish a connection with the device K.
In this case, the device K functions as a slave of two devices
and also as a master of one device.

In the scatternet O, the devices O and P use a single BLE
piconet physical channel. The devices O and Q use different
BLE piconet physical channels.

In the group R, the device R performs advertising using
an advertisement event which may be connected to an
advertising physical channel, and the device O 1s an initiator.
The device O may establish a connection with the device R.
In this case, the device O functions as a slave of two devices
and also a master of one device.

FIGS. 4 and 5 illustrate an example of Bluetooth com-
munication architecture to which methods according to
embodiments of the present invention may be applied.

More specifically, FIG. 4 shows an example of the Blu-
ctooth BR/EDR technology, and FIG. 5 shows an example
of Bluetooth Low Energy (BLE) architecture.

First, as shown 1n FIG. 4, the Bluetooth BR/EDR archi-

tecture includes a controller stack 410, a host controller
interface (HCI) 420, and a host stack 430.

The controller stack 410 (or controller module) refers to
hardware for sending or receiving Bluetooth packets to and
from a wireless transmission and reception module dealing
with Bluetooth signals of 2.4 GHz. The controller stack 410
includes a BR/EDR Radio layer 411, a BR/EDR Baseband
layer 412, and a BR/EDR Link Manager layer 413.

The BR/EDR Radio layer 411 sends and receives radio
signals of 2.4 GHz, and 1s capable of transmitting data by
hopping 79 RF channels when Gaussian frequency shift
keying (GFSK) modulation 1s used.

The BR/EDR baseband layer 412 sends a digital signal,
selects a channel sequence 1n which hopping 1s performed
1600 times per second, and sends time slot spanning of 625
us for each channel.

The link manager layer 413 controls an overall operation
of BLE, such as link setup, control, and security, using a link
manager protocol (LMP).

The link manager layer 413 may perform the following
functions.

Control of ACL/SCO logical transport and logical link
setup

Detach: removes a connection and informs a correspond-
ing device of a cause of removal.
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Performs power control and role switch

Performs a security function, such as authentication,
pairing, and encryption.

The host controller interface layer 420 provides an inter-
face between a host module 430 and a controller module 410

so that a host may provide a command and data to a

controller and the controller may provide an event and data
to the host.

The host stack (or host module) 430 includes a logical link

control and adaptation protocol (L2CAP) 437, a service
discovery protocol (SDP) 433, a BR/EDR protocol 432,

BR/EDR profiles 431, an attribute protocol 436, a generic
access profile (GAP) 434, and a generic attribute profile
(GATT) 435.
The L2CAP 437 provides one bilateral channel for send-
ing data according to a specific protocol or specific profile.
The L2CAP multiplexes various protocols and profiles

provided by Bluetooth upper layers.

The L2CAP of the Bluetooth BR/EDR specification uses
a dynamic channel; supports a protocol service multiplexer,
retransmission, and streaming mode, and provides segmen-
tation and reassembly, per-channel flow control, and error
control.

The SDP 433 refers to a protocol used to search for a
service (or a profile and protocol) supported by a Bluetooth
Service.

The BR/EDR protocols and profiles 432, 431 define a
service using the Bluetooth BR/EDR specification and an
application protocol by which an exchange of data 1s per-
formed.

The attribute protocol 436 relies on a server-client struc-
ture, which defines a rule for a corresponding device so as
to access data. Six message types are defined as below: a
Request message, a Response message, a Command mes-
sage, a Notification message, and an Indication message.

Request message from a client to a server with a Response
message from a server to a client

Command message from a client to a server without a
Response message

Notification message from a server to a client without a
Confirm message

Indication message from a server to a client with a

Confirm message from a client to a server
The GATT 435 defines an attribute type:

The GAP 434 defines a method for discovering and
connecting a device, and a method for providing information
to a user. The GAP provides a privacy scheme.

As shown 1n FIG. 5, the BLE structure includes a con-
troller stack capable of processing a wireless device inter-
tace for which timing 1s critical and a host stack capable of
processing high level data.

The controller stack may also be called a controller. In
order to avoid confusion with the processor, that 1s, an
internal element of the device described with reference to
FIG. 2, however, the controller stack may be preferably used
below.

First, the controller stack may be implemented using a
communication module which may include a Bluetooth
wireless device and a processor module which may include
a processing device, such as a microprocessor.

The host stack may be implemented as part of an OS
operating on the processor module or as a package instance
on an OS.

In some cases, the controller stack and the host stack may
operate or may be performed on the same processing device
within the processor module.
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The host stack includes a generic access profile (GAP)
510, GAT'T based profiles 520, a generic attribute profile

(GATT) 530, an attribute protocol (AIT) 540, a security
manager (SM) 550, and a logical link control and adaptation
protocol (L2CAP) 560. The host stack 1s not limited to the
alorementioned composition, but may include various pro-
tocols and profiles.

The host stack multiplexes various protocols and profiles
provided by that Bluetooth specification using the L2CAP.

First, the L2CAP 560 provides one bilateral channel for
sending data to according to a specific protocol or specific
profile.

The L2CAP 1s capable of multiplexing data between
upper layer protocols, segmenting or reassembling pack-
ages, and managing multicast data transmission.

BLE uses three fixed channels for respective signaling, a
security manager, and an attribute protocol.

BR/EDR uses a dynamic channel and supports a protocol
service multiplexer, retransmission, streaming mode.

The SM 3550 authenticates a device, which 1s a protocol
for providing a key distribution.

The ATT 540 relies on a server-client structure, which
defines rules for a corresponding device for data access. Six
message types are defined: Request, Response, Command,
Notification, Indication, and Confirmation.

@ Request and Response message: the Request message
1s used when a client device requests specific information
from a server device, and the Response message 1s used 1n
response to a Request message, which 1s transmitted from
the server device to the client device.

@ Command message: The Command message 1s trans-
mitted from a client device to a server device 1 order to
indicate a command for a specific operation, but the server
device does not send a response to a Command message to
the client device.

@ Notification message: A server device sends this
message to a client device 1n order to provide notification of
an event, but the client device does not send a confirmation
message to the server device 1n response to a Notification
message.

@ Indication and Confirm message: A server device
sends this message to a client device in order to provide
notification of an event. Unlike in the Notification message,
the client device sends a Confirm message to the server
device 1n response to an Indication message.

The GAP 15 a layer newly implemented to support the
BLE technology, and 1s used to control the selection of a role
for commumnication between BLE devices and a multi-profile
operation.

The GAP 1s mainly used for device discovery, connection
establishment, and security. That 1s, the GAP defines a
method for providing information to a user and also defines
the following attribute types.

@ Service: A combination of actions related to data, and
it defines the basic operation of a device.

(2) Include: Define a relationship between services.

(3) Characteristics: A data value used by a service

(4) Behavior: A format that may be readable by a com-
puter, which 1s defined by a Universal Unique Identifier
(UUID) and a value type.

The GATT-based profiles are dependent on the GATT and
are mainly applied to BLE devices. The GATT-based pro-
files may include Battery, Time, FindMe, Proximity, Object
Delivery Service and so on. More specific descriptions of the
GAT'T-based profiles are as follows.




US 9,930,477 B2

11

Battery: A method for exchanging battery information.

Time: A method for exchanging time information.

FindMe: It provides an alarm service according to the
distance.

Proximity: A method for exchanging battery information.

The GATT may be used as a protocol by which to describe
how the ATT 1s utilized at the time of composing services.
For example, the GATT may be used to define how the ATT

profiles are grouped together with services and to describe
characteristics associated with the services.

Theretore, the GATT and the ATT describe device sta-
tuses and services, and how features are associated with each
other and how they are used.

The controller stack includes a physical layer 590, a link
layer 580, and a host controller interface 570.

The physical layer 590 (or a wireless transmission and
reception module) sends and receives radio signals of 2.4
GHz, and uses GFSK modulation and frequency hopping
utilizing 40 RF channels.

The link layer 580 sends or receives Bluetooth packets.

Furthermore, the link layer establishes a connection
between devices after performing the advertising and scan-
ning function using three advertising channels, and provides
a function of exchanging a maximum of 42 bytes of data
packets through 37 data channels.

The host controller interface (HCI) provides an interface
between the host stack and the controller stack so that the
host stack may provide commands and data to the controller
stack and the controller stack may provide events and data
to the host stack.

Hereinatter, the procedure of BLE 1s described brietly.

The BLE procedure includes a device filtering procedure,
an advertising procedure, a scanning procedure, a discover-
ing procedure, and a connecting procedure.

Device Filtering Procedure

The device filtering procedure functions to reduce the
number of devices which perform responses to requests,
commands, or notification in the controller stack.

All of devices may not need to respond to received
requests. Accordingly, the controller stack reduces the num-
ber of transmitted requests so that power consumption can
be reduced in the BLE controller stack.

An advertising device or a scanning device may perform
the device filtering procedure 1n order to restrict the number
of devices which receive advertisement packets, scan
requests, or connection requests.

In this case, the advertising device refers to a device
which sends an advertisement event, that 1s, a device which
performs advertisement, and 1s also called an advertiser.

A scanning device refers to a device which performs
scanning, that 1s, a device which sends a scan request.

In the BLE specification, 1f a scanning device receives
part of advertisement packets from an advertising device, the
scanning device has to send a scan request to the advertising
device.

If the transmission of a scan request 1s not required as the
device filtering procedure 1s used, however, the scanning
device may 1gnore advertisement packets transmitted by an
advertising device.

The device filtering procedure may be used even in the

connection request procedure. If device filtering 1s used for
the connection request procedure, the need for sending a
response to a connection request may be made unnecessary
by 1gnoring the connection request.
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Advertising Procedure

An advertising device performs an advertisement proce-
dure to perform non-directional broadcast using the devices
within the range of the advertising device.

In this case, the non-directional broadcast refers to broad-
cast 1n all directions rather than broadcast in specific direc-
tions.

Unlike the non-directional broadcast, the directional
broadcast refers to broadcast 1n a specific direction. Non-
directional broadcast 1s performed without involving a con-
nection procedure between devices 1n a listening state (here-
mafter referred to as a “listening device”).

The advertising procedure 1s used to establish a BLE to a
nearby initiating device.

In some embodiments, the advertising procedure may be
used to provide the periodic broadcast of user data to
scanning devices which perform listening through an adver-
tising channel.

In the advertising procedure, all of advertisements (or
advertisement events) are broadcasted through an advertis-
ing physical channel.

An advertising device may receive a scan request from a
listening device which performs a listening operation 1n
order to obtain additional user data from the advertising
device. In response to the scan request, the advertising
device sends a response to the listening device which has
sent the scan request through the same advertising physical
channel through which the advertising device has received
the scan request.

While broadcast user data sent as part of advertising
packets forms dynamic data, scan response data 1s static for
the most part.

An advertising device may receive a connection request
from an mitiating device through an advertising (or broad-
cast) physical channel. If the advertising device has used a
connectable advertisement event and the imitiating device
has not been filtered by a filtering procedure, the advertising
device stops an advertisement and enters connected mode.
The advertising device may resume the advertisement after
entering the connected mode.

Scanning Procedure

A device performing a scan operation, that 1s, a scanning
device, performs a scanning procedure in order to listen to
the non-directional broadcast of user data from advertising
devices which use an advertising physical channel.

In order to request additional user data, a scanning device
sends a scan request to an advertising device through an
advertising physical channel. In response to the scan request,
the advertising device includes additional user data
requested by the scanning device 1n a scan response and
sends the scan response to the scanning device through the
advertising physical channel.

The scanning procedure may be used while a scanning
device 1s connected to another BLE device 1n a BLE piconet.

If a scanning device receirves a broadcast advertising
event and stays 1n 1mnitiator mode where a connection request
may be initiated, the scanning device may initiate BLE for
an advertising device by sending a connection request to the
advertising device through an advertising physical channel.

If a scanning device sends a connection request to an
advertising device, the scanming device stops the entire
scanning for additional broadcast and enters connected
mode.

Discovering Procedure

Devices capable of Bluetooth communication (hereinafter
referred to as “Bluetooth devices”) perform an advertising
procedure and a scanning procedure in order to discover
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devices around the Bluetooth devices or devices to be
discovered by other devices within a given area.

The discovering procedure 1s performed 1n an asymmetric
manner. A Bluetooth device searching for another Bluetooth
device nearby 1s called a discovering device, and performs
listening 1n order to search for devices that advertise adver-
tisement events that may be scanned. A Bluetooth device
which may be discovered and used by another device 1s
called a discoverable device. A discoverable device actively
broadcasts an advertisement event so that other devices can
scan the discoverable device through an advertising (or
broadcast) physical channel.

Both of the discovering device and the discoverable
device may already have been connected to other Bluetooth
devices 1n a piconet.

Connecting Procedure

A connecting procedure 1s asymmetric. In the connecting
procedure, while a particular Bluetooth device performs an
advertising procedure, other Bluetooth devices need to per-
form a scanning procedure.

In other words, the advertising procedure may be a
primary task to be performed, and as a result, only one
device may respond to an advertisement. After receiving a
connectable advertisement event from an advertising device,
the connecting procedure may be initiated by sending a
connection request to the advertising device through an
advertising (or broadcast) physical channel.

Operation statuses defined 1n the BLE technology, that 1s,
an advertising state, a scanning state, an 1nitiating state, and
a connection state, are described brietly below.

Advertising State

The link layer (LL) enters the advertising state i a
command from a host (or stack). If the link layer 1s 1n the
advertising state, the link layer sends advertising packet data
units (PDUs) from advertisement events.

Each advertisement event includes at least one advertising,
PDU, and the advertising PDU 1s transmitted through an
advertising channel index. Each advertisement event may be
previously closed i1f the advertising PDU 1s transmitted
through each advertising channel index, the advertising
PDU 1s terminated, or the advertising device needs to secure
the space in order to perform other functions.

Scanning State

The link layer enters the scanning state 1n response to a
command from a host (or stack). In the scanning state, the
link layer listens to advertising channel indices.

The scanming state supports two types: passive and active
scanning. The host determines a scanning type.

No separate time or advertising channel index 1s defined
to perform scanning.

In the scanning state, the link layer listens to an adver-
tising channel index for “scanWindow™ duration. scanlnter-
val 1s defined as the interval between the start points of two
consecutive scan windows.

If there 1s no scheduling collision, the link layer has to
perform listening in order to complete all of the scanlnter-
vals of scanWindows as commanded by the host. In each
scanWindow, the link layer has to scan other advertising
channel indices. The link layer uses all of available adver-
tising channel indices.

In the case of passive scanning, the link layer 1s unable to
send any packet, but only receives packets.

In the case of active scanning, the link layer performs
listening to the advertising device to rely on the advertising
PDU type by which additional information related to the
advertising PDUs and advertising device may be requested.
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Initiating State

The link layer enters the mitiating state in response to a
command from a host (or stack).

In the imtiating state, the link layer performs listening to
advertising channel indices.

In the mitiating state, the link layer listens to an adver-

tising channel index for “scanWindow™ duration.
Connection State

The link layer enters the connection state when a device

makes a connection request, that 1s, an iitiating device
sends a CONNECT_REQ PDU to an advertising device or

the advertising device receives a CONNECT_REQ PDU

from the mitiating device.

Establishing a connection may be taken into consideration
alter the link layer enters the connection state. However,
establishing a connection when the link layer enters the
connection state may not need to be taken into consideration.
The only difference between a newly created connection and
an existing connection 1s a supervision timeout value for a
link laver connection.

When two devices are connected to each other, they play
respective different roles.

A link layer playing the role of a master 1s called a master
device, whereas a link layer playing the role of a slave 1s
called a slave device. A master device adjusts timing of a
connection event. In this case, the connection event denotes
the time when the mast device and a slave device are
synchronized.

A master device (or central device) 1s a device that
periodically scans a connectable advertising signal in order
to establish a connection with other devices (slave or periph-
eral devices), and requests an appropriate device to establish
a connection.

Furthermore, once connected to a slave device, a master
device sets up timing and supervises a periodic data
exchange.

In this case, the timing may be a hopping rule applied to
two devices which exchange data through the same channel.

A slave (or peripheral) device 1s a device that periodically
sends a connectable advertising signal in order to establish
a connection with other devices (master devices).

Therelfore, 11 a master device which has received a con-
nectable advertising signal sends a connection request, a
slave device accepts the request and establishes a connection
with the master device.

After a slave device establishes a connection with a
master device, the slave device periodically exchanges data
by hopping a channel according to timing specified by the
master device.

The packets defined i1n the Bluetooth interface 1s
described brietly below. BLE devices use the packets
described below.

Packet Format

The link layer has only one packet format used for both
an advertising channel packet and a data channel packet.

Each of the packets includes four fields: a preamble, an
access address, a PDU, and CRC.

I1 one packet 1s transmitted through an advertising physi-
cal channel, the PDU may function as an advertising channel
PDU. If one packet 1s transmitted through a data physical
channel, the PDU may function as a data channel PDU.

Advertising Channel PDU

The advertising channel PDU 1includes a 16 bit header and
a payload of various sizes.

The PDU type filed of an advertising channel included 1n
the header supports PDU types defined in Table 1 below.
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TABLE 1
PDU Type Packet Name
0000 ADV__IND
0001 ADV__DIRECT__IND
0010 ADV_NONCONN_ IND
0011 SCAN_ REQ
0100 SCAN__RSP
0101 CONNECT__REQ
0110 ADV_SCAN_IND

0111-1111 Reserved

Advertising PDU

The following advertising channel PDU types are called
advertising PDUs and are used for specific events.

ADV IND: a connectable non-directional advertisement

event
ADV DIREC IND: a connectable directional advertise-

ment event
ADV NONCONN IND: a non-connectable non-direc-

tional advertisement event
ADV SCAN IND: a non-directional

cvent that may be scanned

The PDUs are transmitted by the link layer 1n the adver-
tising state and are received by the link layer 1n the scanning,
state or 1nitiating state.

Scanning PDUSs

The advertising channel PDU type below 1s called a
scanning PDU and 1s used in the status described below.

SCAN_REQ: transmitted by the link layer 1n the scanning
state and received by the link layer 1n the advertising state.

SCAN_RSP: transmitted by the link layer 1n the adver-
tising state and received by the link layer in the scanming
state.

Initiating PDUs

The advertising channel PDU type below 1s called an
mitiating PDU.

CONNECT_REQ: transmitted by the link layer in the
iitiating state and received by the link layer in the adver-

tising state.

Data Channel PDUSs

The data channel PDU includes a 16 bit header and a
payload of various sizes, and may include a Message Integ-
rity Check (MIC) field.

The procedures, statuses, and packet formats of the BLE
technology described above may be applied to perform
methods according to embodiments of the present invention.

Hereinafter, the connection procedure defined in the BLE
technology 1s described briefly. As an example of the con-
nection procedure, a method for providing an object trans-
mission service according to the BLE specification 1s
described.

FIG. 6 shows an example of the GATT Profile structure of
the BLE specification.

Referring to FIG. 6, one may see the structure for
exchanging profile data defined 1n the BLE specification.

More specifically, the GAIT defines a method ifor
exchanging data using a service between BLE devices and
characteristics thereof.

In general, a peripheral device (e.g., a sensor device)
tfunctions as a GATT server and performs the definition for
the service and characteristics.

To read or write data, a GATT client sends a data request
to the GATT server, initiates all of the transactions, and
receives a response from the GATT server.

The GAT'T-based operational structure defined 1n the BLE
1s based on profiles, services, and characteristics, which

form a hierarchical structure as shown in FIG. 6.

advertisement
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The profile may include one or more services, and the one
or more services may include one or more characteristics or
other services.

The service groups data into logical units and includes
one or more characteristics or other services.

Each of the services has the identifier of 16 bits or 128
bits, which 1s called a umiversal unique 1dentifier (UUID).

The characteristic forms the lowest unit 1n the GAT'T-
based operational structure. The characteristic includes only
one datum and has a UUID of 16 bits or 128 bits like the
service.

The characteristic includes descriptors for various types
ol information and requires one attribute to describe each
piece of information. The characteristic may use a couple of
consecutive attributes.

The attribute includes four elements as follows.

Handle: the address of the attribute

Type: the type of the attribute

Value: the value of the attribute

Permission: an access right to the attribute

A connection procedure i BLE 1s described below. For
example, a method for providing an object transfer service
according to the BLE 1s described as the connection proce-
dure.

FIG. 7 shows an example of a method for the connection
procedure of the BLE specification.

A server sends an advertisement message through three
advertisement channels (S7010).

The server may be called an advertiser before a connec-
tion 1s established and may be called a master after the
connection 1s established. Examples of the server include
sensors (€.g., temperature sensors).

Furthermore, the client may be called a scanner before a
connection 1s established and may be called a slave after the
connection 1s established. The client may be a smart phone,
for example.

As described above, Bluetooth communication uses a
total of 40 channels through a frequency of 2.4 GHz. Three
of the 40 channels are advertisement channels, which are
used for exchanging packets to establish a connection in
addition to various advertising packets.

The remaining 37 channels are data channels which are
used for the exchange of data packets after a connection 1s
established.

After recerving the advertisement message, the client may
send a scan request to the server in order to obtain additional
data (e.g., a server device name) from the server.

The server sends a scan response, together with the
remaining data, to the client 1n response to the scan request.

In this case, the scan request and the scan response are one
type of an advertisement packet which may include only
user data of 31 bytes or less.

Therefore, 11 a data size 1s larger than 31 bytes, but with
large overhead from established connection to send data, the
data 1s divided into two blocks and transmitted twice using
the scan request/scan response.

Next, the client sends, to the server, a connection request
for establishing BLE with the server (S7020).

Accordingly, a link layer (L) connection 1s established
between the server and the client.

Thereatter, the server and the client perform a security
establishment procedure.

The secunty establishment procedure may be construed as
secure simple pairing or may be performed with the secure
simple pairing being included therein.

In other words, the security establishment procedure may
be performed through a phase 1 to a phase 3.
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More specifically, a pairing procedure (1.¢., the phase 1) 1s
performed between the server and the client (S7030).

Through the pairing procedure, the client sends a pairing
request to the server, and the server sends a pairing response
to the client.

In the phase 2, a legacy pairing or secure connection 1s
performed between the server and the client (S7040).

In the SSP phase 3, a key distribution procedure 1s
performed between the server and the client (S7050).

Through the phases, a secure connection 1s established
between the server and the client, and encrypted data may be
transmitted and received.

FIG. 8 1s a flowchart 1llustrating an example of a method
for providing an object transier service according to the BLE
technology.

An object delivery service or object transfer service refers
to a service supported by BLE 1n order to transmit/receive an
object, such as bulk data or data, 1n Bluetooth communica-
tion.

In order to establish BLE between a server device and a
client device, the advertisement process and the scanning
process corresponding to steps S810 to S830 are performed.

First, the server device sends an advertisement message to
the client device 1n order to notily the client device of
information related including an object transier service
(S8010).

The advertisement message may be represented as an
advertisement packet data umit (PDU), an advertisement
packet, an advertisement, an advertisement frame, or an
advertisement physical channel PDU.

The advertisement message may include service informa-
tion (including a service name) provided by the server
device, the name of the server device, and manufacturer
information.

Furthermore, the advertisement message may be trans-
mitted to the client device according to the broadcast or
unicast scheme.

Thereatfter, the client device sends a scan request message
to the server device to find detailed information related to the
server device (S8020).

The scan request message may be represented as a scan-
ning PDU, a scan request PDU, a scan request, a scan
request frame, or a scan request packet.

The server device sends a scan response message to the
client device in response to the scan request message
received from the client device (58030).

The scan response message includes server device-related
information requested by the client device. In this case, the
server device-related information may be an object or data
that may be transmitted by the server device 1n association
with the provision of the object transier service.

When the advertisement process and the scanning process
are terminated, the server device and the client device
perform an 1nitiating connection process and a data
exchange process corresponding to steps S8040 to S8070.

More specifically, the client device sends a connection
request message to the server device 1n order to establish a
Bluetooth communication connection with the server device
(S8040).

The connection request message may be represented as a
connection request PDU, an iitiation PDU, a connection
request frame, or a connection request.

Through step S8040, BLE is established between the
server device and the client device. Next, the server device
and the client device exchange data. During the data
exchange process, the data may be transmitted and received

through the data channel PDU.
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The client device sends an object data request to the server
device through the data channel PDU (S80350). The data
channel PDU may be represented as a data request message
or a data request frame.

Thereatter, the server device sends object data, requested
by the client device, to the client device through the data
channel PDU (58060).

In this case, the data channel PDU 1s used to provide data
to a corresponding device or to request information accord-
ing to the scheme defined 1n the attribute protocol.

If data 1s changed 1n the server device, the server device
sends data changed indication information to the client
device through the data channel PDU 1n order to notity the
client device of a change of the data or object (58070).

Next, the client device requests changed object informa-
tion from the server device 1n order to search for the changed
data or changed object (S8080).

Next, the server device sends changed object information
to the client device 1n response to the request for the changed
object information (S8090).

Next, the client device searches for the changed object
through a comparative analysis of the received changed
object information and the object information owned by the
client device.

However, the client device repeatedly performs steps
S880 and S890 until the changed object or data are retrieved.

If the connected state between the host device and the
client device no longer needs to be maintained, the host
device or the client device may disconnect the connected
state.

Overview of Isochronous Channel

FIG. 9 shows characteristics of an audio signal.

As shown 1n FIG. 9, 1n the case of an audio signal, audio
streaming data or audio data 1s periodically generated at an
idle event interval.

Audio data 1s generated periodically (or at a specific time
interval) according to the characteristics thereof.

In this case, the specific time interval during which audio
data 1s periodically generated may be represented as an 1dle
event 1nterval.

Audio data 1s transmitted at an individual idle event
interval.

Furthermore, individual audio data may be transmitted
throughout part of or the entire event interval.

As shown 1n FIG. 9, when audio streaming data generated
periodically or regularly 1s transmitted according to the BLE
mechanism, an advertisement and scanning procedure, a
communication procedure, and a disconnection procedure
have to be performed whenever the generated audio data 1s
transmitted or received.

As shown 1n FIG. 9, however, since audio data 1s gener-
ated at a regular interval for most cases, latency needs to be
guaranteed with respect to the transmission of the audio data
regardless of the amount of the audio data.

If the advertisement and scanning procedure, the commu-
nication procedure, and the disconnection procedure are
performed whenever newly generated audio data 1s trans-
mitted, however, a latency problem occurs during the trans-
mission of the audio data.

If the BLE technology rather than the Bluetooth BE/EDR
technology 1s used, high energy efliciency can be achieved
because a relatively small amount of audio data is transmit-
ted through an HA or headset. As described above, however,
great overhead 1s generated because the data channel process
of the BLE technology involves advertising, connection, etc.
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whenever data 1s transmitted. Accordingly, latency abso-
lutely required for the transmission of audio data cannot be
guaranteed.

Furthermore, the data channel process of the BLE tech-
nology involves sending mtermittently generated data only
when necessary, thereby improving energy efliciency by
leading a BLE device 1n a diflerent time region to deep sleep.
Therefore, it may be diflicult to apply the data channel
process of the BLE technology to the transmission of audio
data generated at a regular interval.

For such a reason, 1t 1s necessary to define a new mecha-
nism in which periodically generated data, such as audio
streams, 15 transmitted and received using the BLE technol-

0gy.

Hereinatter, a method for sending and receiving data (e.g.,
audio data) generated at a regular interval using the BLE
technology 1s described 1n detail.

In other words, a method for newly defining a channel for
sending and receiving (or transceiving) data generated at a
regular interval 1n the BLE technology, additionally defining,
a mechanism related to the handling of regular data without
aflecting energy performance of BLE, and sending data
generated at a regular interval 1s provided below.

The phrases, such as audio streaming data, audio data,
audio streaming, and audio stream used in this document,
may be construed as providing the same meaning.

The term “audio data” 1s hereinafter used to represent the
different terms, for convenience of understanding.
Isochronous Channel and Definition of a Mechanism
Related to Isochronous Channel

A new channel, that 1s, an 1sochronous channel, 1s defined
to send data generated at a regular interval using the BLE
technology.

An 1sochronous channel 1s used to send 1sochronous data
to devices using 1sochronous streams.

Isochronous data refers to data transmitted at a particular
time 1nterval, that 1s, periodically or regularly.

In other words, an 1sochronous channel may represent a
channel for sending and receiving periodically generated
data, such as audio data, in the BLE technology.

An 1sochronous channel may be used to send and receive
audio data to and from a single member, three of one or more
coordinated members, or a plurality of members.

Furthermore, an 1sochronous channel corresponds to an
1sochronous stream, such as an audio stream, or a flushing
channel which may be used to send and receirve important
data in other time regions.

Methods using an 1sochronous channel described later are
used independently of the advertising channel and data
channel defined in the existing (v4.2 or earlier) BLE tech-
nology.

Furthermore, this document additionally defines a new
frequency channel and frequency hopping interval for an
1sochronous channel.

An 1sochronous channel enables a conductor to send an
1sochronous stream such as flushable data (e.g., time-bound
audio data) to one or more members using the BLE.

In this case, the conductor may be represented as a master,
and the member may be represented as a slave.

Furthermore, an 1sochronous channel may or may not be
configured by security setting.

Furthermore, an 1sochronous channel may be set up for
various topologies to allow the transmission of an 1sochro-
nous stream between a single conductor and a member,
between a single conductor and a coordinated pair of mem-

bers which generates a stereo audio stream, such as hearing
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aids or stereo headsets, and between a single conductor and
a plurality of members synchronized with the same 1sochro-
nous stream(s).

In this case, the member may send data to the conductor
through an 1sochronous channel.

Furthermore, the 1sochronous channel may support the
transmission and reception ol shared audio, public audio,
and broadcast audio as well as the transmission and recep-
tion of personal audio.

A procedure for setting up an i1sochronous channel
requires that hierarchy of profile level security and reliability
requirements satisly use cases.

Furthermore, an 1sochronous channel may be used for
various applications, by which a plurality of audio sources
and sinks may be set up, and complicated topologies may be
set up to allow users to regularly change or share different
audio streams.

FIG. 10 shows an example of a protocol stack of BLE
which may use an 1sochronous channel.

Referring to FIG. 10, the protocol stack of BLE which
supports an 1sochronous channel may be diflerent from the
protocol stack of FIG. 5.

More specifically, the protocol stack of BLE which sup-
ports an 1sochronous channel further includes an audio
middleware layer added to the protocol stack of FIG. 5.

The audio middleware layer supports an i1sochronous
channel for continuous data transmission and reception.

The 1sochronous channel includes a connection-oriented
1sochronous (ICO) channel for sending and receiving con-
tinuous data, that 1s, for point-to-point transmission, 1 an
LE connection state and a connectionless 1sochronous (ICL)
channel for sending and receiving continuous data, that 1is,
for broadcast transmission, 1n a BLE non-connection state.

Conftinuous data (e.g., audio stream data) may be trans-
mitted and received through the ICO and ICL channels of
the audio middleware layer of BLE.

FIG. 11 shows an example of a home ecosystem for
applications to which an 1sochronous channel may be
applied.

In other words, FIG. 11 shows an example of the space 1n
which a plurality of audio conductors and members to which
methods according to embodiments of the present invention
may be applied may move around inside/outside domains.

As shown 1n FIG. 11, the existence of various conductors
and members 1ndicate that an isochronous channel 1is
required as a method for providing nofification of the
presence ol members so that the members can obtain 1nfor-
mation necessary to form the 1sochronous channel.

An 1sochronous channel may also be used for the trans-
mission and reception of non-audio data.

A member may use 1sochronous channels to determine
existence of notification messages which may include acqui-
sition mnformation from conductors within the range of BLE
communication.

Furthermore, the member may use 1sochronous channels
to receive a request with respect to control information or
service data from one or more devices acting like a remote
controller.

FIG. 12 shows an example of the type of an 1sochronous
channel.

Referring to FIG. 12, the 1sochronous channel may
include a channel for point-to-point transmission and a
channel for broadcast transmission.

More specifically, FIG. 12(a) shows connection-oriented
isochronous (ICO) channels, that 1s, 1sochronous channels
for point-to-point transmission. In FIG. 14(a), a master
device and a slave device are connected through ICO
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channels, and may send and receive bi-directional data and
responses thereto through the ICO channels.

The master device and the slave device may perform an
LE connection (e.g., an ACL connection) 1n order to form
and configure the ICO channels. In this case, the ACL
connection and the roles of the master device and the slave
device 1n the ICO channel are the same.

FI1G. 12(b) shows connectionless 1sochronous (ICL) chan-
nels, that 1s, 1sochronous channels for broadcast transmis-
sion. The ICL channel 1s a channel for sending and receiving
data 1n a BLE non-connection state. One or more slave
devices have been synchronized with respective ICL chan-
nels from a master device 1n order to receive data.

The ICL channel sends one-way, but does not send a
response thereto.

That 1s, the one or more slave devices are able to only
receive data from the master device through the ICL chan-
nels, but are unable to send data to the master device through
the ICL channels.

An embodiment of the present mvention proposes a
method for sending and receiving audio streams such an
ICO channel and/or ICL channel.

FIG. 13 shows an example of operating state transition
according to the BLE technology.

As shown 1n FIG. 13, an 1sochronous channel (or an ISO
channel) may operate in conjunction with an advertisement
channel and data channel of the BLE technology.

Referring to FIG. 13, a BLE device may change the
operating state to (1) a first connected state or (2) a second
connected state 1n which data 1s transmitted and received 1n
an advertisement state.

In this case, the first connected state refers to an operating
state 1n which the BLE device sends and receives data
through a data channel, and the second connected state refers
to an operating state in which the BLE device sends and
receives data through an 1sochronous channel.

The BLE device may change 1ts operating state to the first
or second connected state depending on the type of data
transmitted and received to and from devices or a data
transmission type.

More specifically, the BLE device generates a data chan-
nel from an advertisement channel operating in the first
connected state, and also generates an 1sochronous channel
from an advertisement channel operating in the second
connected state.

Furthermore, if the BLE device changes its operating state
from the first connected state to the advertisement state, it
releases a generated data channel. If the BLE device changes
its operating state from the second connected state to the
advertisement state, 1t releases a generated isochronous
channel.

For example, the BLE device changes 1ts operating state
from the advertisement state to the second connected state 1n
order to send and receive audio data. In other words, the
BLE device may send and receive audio data through the
isochronous channel while 1t 1s connected to the second
connected state.

Furthermore, the BLE device changes 1ts operating state
from the advertisement to the first connected state 1n order
to send and receive data generated in a random fashion or
intermittently.

In other words, the BLE device may send and receive the
data through the data channel 1n the first connected state.

As shown 1n FIG. 13, the BLE device makes a transition
from the advertisement state to the first connected state by
generating a data channel, i necessary, and sends and
receives data through the generated data channel.
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When the transmission and reception of the data through
the data channel 1s completed, the BLE device closes the
generated data channel and returns to the advertisement
state, that 1s, the advertisement channel.

Likewise, the BLE device makes a transition from the
advertisement state to the second connected state by gener-
ating an 1sochronous channel, if necessary, and sends and
receives data through the generated 1sochronous channel.

When the transmission and reception of the data through
the data channel 1s completed, the BLE device closes the
generated 1sochronous channel and returns to the advertise-
ment state, that 1s, the advertisement channel.

As described above, the 1sochronous channel 1s generated
in order to send and receive data generated at a regular
interval, such as audio data, while the data channel 1s
generated 1n order to send and receive data irregularly or
intermittently.

FIG. 14 1illustrates various examples of 1sochronous
stream transfer through an 1sochronous channel.

FIGS. 14(a) to (d) show various topologies used to send
an 1sochronous stream, and FIGS. 14(a) to (d) show con-
ductors establishing 1sochronous channels with the follow-
ing member(s).

Two members which may receive the same or different
isochronous streams (e.g., a mono stream, a joint stereo
stream or separate left and right audio streams),

Three groups of members, with each group synchronized
to a separate 1sochronous stream,

A single member recerving a single 1sochronous stream
from a single 1sochronous channel.

A conductor establishes a plurality of 1sochronous chan-
nels sharing characteristics including the anchor point of the
1sochronous channel, by which members of a conductor may
make the anchor points performed at the same time. Such
1sochronous streams are called an “ensemble.”

A single 1sochronous channel which sends a single 1so-
chronous stream to a single member may not be an example
of the ensemble, where such point-to-point topology may be
usually described as being operated according to the unicast
scheme when 1t 1s used for transmission of audio data.

Furthermore, an 1sochronous channel may be used to
broadcast control information to one or more members, to
respond to individual broadcast transmission, or to selec-
tively request more mformation.

Through the operation described above, the conductor
may operate in conjunction with a plurality of remote
control devices. As shown in FIG. 14, a BLE device may
function as a member of an 1sochronous channel or as the
conductor of a different BLE device.

In other words, BLE devices may function as both a
conductor and a member 1n order to establish a plurality of
1sochronous channels.

FIGS. 15 and 16 1illustrate another example of a data
transier method using an 1sochronous channel.

More specifically, FIG. 15 shows an example of a unicast
transmission method, and FIG. 16 shows an example of a
broadcast transmission method.

First, the unicast transmission method through an 1sochro-
nous channel 1s described with reference to FIG. 15.

In the case of the unicast transmission method, devices
may operate an 1sochronous channel selectively for one or
more unicast transmaissions.

As shown in FIG. 15, a master may unicast the same or
different data to a predetermined number of connected or
selected slaves.

e
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The master may generate a dual 1sochronous channel in
order to perform bilateral communication with slaves, if
necessary.

In other words, the master may form a dual 1sochronous
channel by generating one 1sochronous channel along with
one slave and the other 1sochronous channel along with the
slave.

In this case, the generation of the dual isochronous
channel may indicate that a downlink 1sochronous channel

and an uplink 1sochronous channel are respectively gener-
ated 1n order to achieve bilateral communication between
the master and the slave or that isochronous channels are
generated between the master and two or more slaves.

Broadcast transmission through an isochronous channel 1s
described below with reference to FIG. 16.

As shown 1n FIG. 16, broadcast transmission through an
isochronous channel i1s performed according to multicast
transmission differently from the broadcast transmission
method used for most cases (i.e., a method for sending data
to all of devices).

In other words, broadcast transmission through the 1so-
chronous channel defined in the BLE specification refers to
broadcasting data only to a slave dependent to a generated
1sochronous channel.

In other words, the master broadcasts data only to
approved slaves through an 1sochronous channel.

Therefore, broadcast transmission through the 1sochro-
nous channel defined 1n the BLE specification should be
construed as multicast transmission towards a specific
group.

FIG. 17 shows examples of an 1sochronous channel
packet format which may be applied to methods according,
to embodiments of the present invention.

The format of the 1sochronous channel packet transmitted
through an 1sochronous channel 1s the same as that shown in
FIGS. 17(a) and (b), but the present invention 1s not limited
thereto and may have a different format.

As shown 1n FIG. 17(a), all of 1sochronous channels may
have the packet format defined 1n the Bluetooth specification
v4.2 supporting an 1sochronous data PDU of 2 to 257 octets.

FIG. 17(a) shows an example of an extended PDU packet
format, and the extended PDU packet format 2010 includes
a preamble 2011, an access address 2012, a PDU 2011, and
cyclic redundancy check (CRC) 2014.

The preamble may include 1 octet, an access address of 4
octets, a PDU of 2 to 257 octets, and CRC ot 3 octets.

FIG. 17(b) shows an example of an 1sochronous packet,
and the 1sochronous packet (or 1sochronous channel PDU

2020) may include a header 2021 of 16 bits and payload
2022 of 0 to 255 octets.

Furthermore, the 1sochronous packet may include a length
field of an 8 bit size, which 1s used to check the length of data
located next to the header.

The data length of the 1sochronous packet varies depend-
ing on the space between 1sochronous channels and may be
limited by a channel parameter imposed by a conductor. The
1sochronous packet may further include a message integrity
check (MIC) field.

FIG. 18 1s a diagram 1llustrating audio entities for audio
transmission according to an embodiment of the present
invention. In an embodiment of FIG. 18, each audio entity
may be an enfity for transmitting or setting up BLE-based
audio (BLE audio) using an 1sochronous channel. For
example, each audio entity may be audio conductors and
members constituting a home echo system (or Bluetooth
audio echo system) according to the embodiment of FIG. 11.
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In this specification, each audio entity 1s a logical entity,
and some or the entire entities may be 1ncluded 1n the same
physical device or different physical devices. For example,
an audio source entity (audio source) and an audio controller
entity (audio controller) may be included 1n a first physical
device, and an audio sink enftity (audio sink) may be
included 1n a second physical device, different from the first
physical device. A physical topology of these audio entities
will be described 1n detail below with reference to FIG. 19.

In this specification, the term “entity” may be referred to
as an element, a component, or a device. For example, an
audio source entity may be referred to as an audio source
device. Hereinatter, each audio entity will be described.

The audio source entity (audio source) 1s an entity that
provides audio data. That 1s, an audio source may be a
provider of audio streams. In an embodiment, the audio
source may be an enftity that provides audio data (audio
stream data) using Bluetooth wireless technology. For
example, the audio source may be a television, a music
source, a doorbell, or public announcement that provides
audio data. In an embodiment, the audio source may be
controlled by at least one audio controller entity (audio
controller). In this case, the audio source needs to keep the
audio controller registered.

The audio sink entity (audio sink) 1s an entity that plays
(or renders) audio received from at least one audio source.
That 1s, the audio sink may be a consumer of audio streams.
In an embodiment, the audio sink may be an entity that plays
audio stream received from at least one audio source using
Bluetooth wireless technology. For example, the audio sink
may be a headset or a hearing aid (HA) that plays audio. In
an embodiment, the audio sink may be controlled by at least
one audio controller entity (audio controller). In this case,
the audio sink needs to keep the audio controller registered.

The audio controller entity (audio controller) 1s an entity
that controls at least one audio source and/or at least one
audio sink. That 1s, the audio controller may be a main
controller of audio sources and audio sinks. In an embodi-
ment, the audio controller 1s an entity that controls at least
one audio source and/or at least one audio sink using
Bluetooth wireless technology. For example, the audio con-
troller may be a smart phone, a smart pad, or a remote
controller that controls an audio source and/or audio sink. In
an embodiment, the audio controller may be a remote
controller (or controller) embedded in an audio source or
audio sink. For example, the audio controller may be a
hardware button embedded 1n an audio source or audio sink.

In an embodiment, the audio controller may control
services provided by an audio source and an audio sink,
including the control of transport information, codec infor-
mation, connectivity, mixing, and audio streams. Specifi-
cally, the audio controller may perform connection manage-
ment of connection-oriented channels. Also, the audio
controller may perform a function of discovering an audio
sink and transmitting information, for synchronization of an
audio source for a connectionless channel. Moreover, the
audio controller may perform a codec parameter and/or
transport parameter negotiation function. In addition, the
audio controller may perform an encryption level negotia-
tion function.

In an embodiment, the audio controller does not store any
configuration data (or meta-data) of an audio source and an
audio sink. Thus, the audio controller may acquire configu-
ration data from the audio source or audio sink by sending
a query for configuration data to the audio source or audio
sink, 11 necessary. This may reduce the complexity of the
audio controller.
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A plurality of audio controllers may exist in a Bluetooth
audio echo system according to an embodiment. In this case,
an audio source or an audio sink may be connected to the
plurality of audio controllers. In an embodiment, when the

audio source or the audio sink is connected to a plurality of >

audio controllers, a hierarchy may exist between the plural-
ity of audio controllers. That 1s, a plurality of audio con-
trollers may form a hierarchical structure.

FIG. 19 shows physical topologies of audio entities
according to an embodiment of the present invention. From
a logical point of view, as described above with reference to
FIG. 19, at least three logical enfities, 1.e., an audio source,
an audio sink, and an audio controller, may exist 1n a
Bluetooth audio echo system (e.g., BLE audio echo system).
From a physical point of view, various physical topologies
may exist depending on the position of the audio controller,
as 1n FIG. 19, since the audio source and the audio sink
comprise different physical devices.

As shown 1n (a) of FIG. 19, the audio controller may be
located 1n a device separate from an audio source and an
audio sink. For example, the audio controller may be a
separate remote controller (e.g., smartphone) that controls
an audio source (e.g., TV) and an audio sink (e.g., headset).

Moreover, as shown 1n (b) of FIG. 19, the audio controller
may be located 1n an audio source. For example, the audio
controller may be a hardware or software button of an audio
source (e.g., MP3 player).

Moreover, as shown 1n (¢) of FIG. 19, the audio controller
may be located in an audio sink. For example, the audio
controller may be a hardware or software button of an audio
sink (e.g., headset).

Moreover, as shown 1n (d) of FIG. 19, the audio controller
may be located 1n an audio source and an audio sink. For
example, the audio controller may be a hardware or software
button of an audio source (e.g., smartphone) and a hardware
or soitware button of an audio sink (e.g., carkit).

As shown 1n (e) of FIG. 19, the audio controller may be
located 1n an audio source, an audio sink, and a device
separate from the audio source and the audio sink. For
example, the audio controller may be a hardware or software
button of an audio source (e.g., TV), a hardware or software
button of an audio sink (e.g., headset), and a hardware or
soltware button of a separate remote controller (e.g., smart-
phone). An embodiment of (¢) of FIG. 19 may be an

integrated topology that needs to be taken into consideration
tor BLE audio.

FIG. 20 shows multiplicity topologies of audio entities
according to one embodiment of the present invention. That
1s, FIG. 20 shows topologies which take the multiplicity of
audio entities into consideration.

Referring to (a) of FIG. 20, a Bluetooth echo system may
include a plurality of audio sinks. For example, a Bluetooth
echo system may include a plurality of audio sinks, such as
% and 4 channel speakers and a headset, connected to an
audio source such as a TV.

Referring to (b) of FIG. 20, a Bluetooth echo system may
include a plurality of audio sources. For example, a Blu-
ctooth echo system may include a plurality of audio sources,
such as a TV, phone, and media player, connected to an
audio sink such as a speaker.

Referring to (¢) of FIG. 20, a Bluetooth echo system may
include a plurality of audio controllers. For example, a
Bluetooth echo system may include a plurality of audio
controllers, such as a TV, hearing aid, and phone, that
control an audio sink such as a headset (or hearing aid) and
an audio source such as a TV.
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Hereinatter, primary modules that perform functions of
core audio middleware (or audio middleware) layer accord-
ing to one embodiment of the present mvention will be
described. Particularly, a client-server architecture in an
audio middleware layer according to one embodiment of the
present invention will be described. Here, the audio middle-
ware layer may be the audio middleware layer of the
embodiment of FIG. 10.

In this specification, a server refers to an entity (or device)
that provides at least one service that can be used by a
plurality of clients. A client refers to an entity (or device) that
uses at least one service on a server. In an embodiment, one

physical device may include a plurality of clients, a plurality
of servers, or a combination of clients and servers.

In this specification, a client-server architecture may
comprise a server service (or server) and a client. In an
embodiment, a server service may include, as an element,
audio source service, audio sink service, volume service,
meta-data service, codec information service, transport
information service, content protection service, audio con-
troller access service, and/or mixing service. In an embodi-

ment, a client may iclude, as an element, an audio control-
ler client and/or an audio sink client. A detailed description
of this will be described below with reference to FIGS. 21
and 22.

FIG. 21 shows client-server interactions within audio
entities according to one embodiment of the present inven-
tion. In FIG. 21, the arrows indicate services provided by a
server that a client can access. For example, the arrows from
an audio controller client to the services of an audio source
indicate that the audio controller as a client can access the
services provided by the audio source as a server. In another
example, the arrows from an audio sink client to the audio
source services ol an audio source indicate that the audio
sink as a client can access the audio source services provided
by the audio source as a server.

In FIG. 21, M 1ndicates that a corresponding element 1s
mandatory, and O indicates that a corresponding element 1s
optional. C1 1ndicates that a corresponding element 1s man-
datory in a connection-oriented channel and optional 1n a
connectionless channel. For example, the audio source ser-
vice may be mandatory for the audio source entity, the
transport information service may be optional for the audio
source entity, the encryption service may be mandatory for
the audio source entity in a connection-oriented channel and
optional for the audio source entity in a connectionless
channel. In this specification, the connection-oriented chan-
nel may be referred to as an ICO channel, and the connec-
tionless channel may be referred to as an ICL channel.

Referring to FIG. 21, the services provided by the audio
source entity mnclude audio source service, meta-data ser-
vice, transport information service, codec mformation ser-
vice, mixing service, audio conftroller access service,
encryption service, and/or volume service.

Also, the services provided by the audio sink entity
include audio source service, meta-data service, transport
information service, codec information service, mixing ser-
vice, audio controller access service, encryption service,
and/or volume service. In an embodiment, an audio sink
may operate as a client for the audio source. That 1s, the
audio sink, as a client, may access the audio source services
provided by the audio source.

Moreover, the audio controller entity, as a client, may
access the services provided by the audio source or audio
sink, as a server. That 1s, the audio controller entity may only
exist as a client.
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FIG. 22 1s a table of definitions of service/client charac-
teristics according to one embodiment of the present inven-
tion. In FIG. 22, services may refer to services provided by
the above-described server (e.g., audio source or audio sink).

Referring to FIG. 22, services include audio source ser-
vice, meta-data service, transport information service, codec
information service, mixing service, audio controller access
service, encryption service, and/or volume service.

In an embodiment, the audio source service provides an
interface (e.g., start, stop, suspend, and resume) for audio
streaming and can be controlled by commands sent by an
audio controller. Moreover, the audio source service may
send advertising information related to audio streams (e.g.,
codec information, meta-data, source stream parameters,
etc.). In an embodiment, the audio source service may be
mandatory for the audio source entity.

In an embodiment, the audio sink service may provide an
interface for synchronization of streams served by an audio
source. Moreover, the audio sink service may render (or
play) audio streams. In addition, the audio sink service may
send advertising information related to the presence of an
audio sink. In an embodiment, the audio sink service may be
mandatory for the audio sink entity.

In an embodiment, the meta-data service may provide
meta-data related to audio streams. For example, the meta-
data service may provide meta-data such as channel infor-
mation, stream information, bitrate, codec, sampling rate,
audio source information, audio sink information, language,
stream 1D, number of channels, and/or application type (e.g.,
alarm, public announcement, phone call, music, video, and
advertisement). In an embodiment, the meta-data service
may be mandatory for the audio source entity. In an embodi-
ment, the meta-data service may be provided only by the
audio source entity.

In an embodiment, the audio controller access service
may provide an interface for registering one or more audio
controller clients and keeping them registered. Moreover,
the audio controller access service may provide access
control. Access control may prevent access from unauthor-
1zed audio controller clients. In addition, an audio controller
client may use the services provided by an audio source and
audio sink after registration. Further, the audio controller
access service may allow for acquisition of audio streaming
information from an audio source. In an embodiment, the
audio controller access service may be mandatory for the
audio source entity and the audio sink entity.

In an embodiment, the code information service may
provide an interface for sending a query for a list of
supported codecs. In an embodiment, the audio controller
client may send a query for code imnformation to an audio
source and an audio sink and then negotiate on the codec
information and perform matching. In an embodiment, the
code information service may be optional for the audio
source entity and the audio sink entity.

In an embodiment, the transport information service may
provide an interface for getting transport parameters. In an
embodiment, an audio source and an audio sink may support
this service. In this case, the audio controller client may send
a query for transport information to the audio source and the
audio sink and then negotiate on the transport information
and perform matching. In an embodiment, the transport
information service may be optional for the audio source
entity and the audio sink entity.

In an embodiment, the mixing service may provide a
feature for mixing audio channels mto one channel. This
service may be provided by an audio source and an audio
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sink. In an embodiment, the mixing service may be optional
for the audio source entity and the audio sink entity.

In an embodiment, the volume service may provide a
volume up/down feature. This service may be provided by
an audio source and an audio sink. In an embodiment, the
volume service may be optional for the audio source entity
and the audio sink entity.

Retferring to FIG. 22, a client may include an audio
controller client and/or an audio sink client.

In an embodiment, the audio controller client may use all
services supported by an audio source and an audio sink. The
audio controller client may be located 1n an audio controller
entity. The audio controller entity may reside (or be located)
in an audio source device (or entity), audio sink device (or
entity), or a dedicated, separate remote controller.

In an embodiment, the audio sink client may obtain audio
streaming information from an audio controller. Moreover,
the audio sink client may synchronize audio streaming
information from an audio source 1n order to receive audio
stream data. In addition, the audio sink client may be located
in an audio sink.

FIG. 23 shows service usage architectures in respective
entities according to one embodiment of the present inven-
tion. Specifically, (a) of FIG. 23 shows service-to-terminol-
ogy mapping according to one embodiment of the present
invention, and (b) of FIG. 23 shows service mapping within
a client-server architecture according to one embodiment of
the present mnvention.

Referring to (a) of FIG. 23, an audio source may be
implemented as a server that provides service to audio-A,
audio-C, and audio-S. An audio sink may be implemented as
a server that provides service to audio-A and audio-C. An
audio controller may be implemented as a client for audio-A
and audio-C.

Here, audio-A 1s an audio link that supports advertising,
and announcement of audio data. Audio-C 1s an audio link
that supports control and configuration of audio data to be
transmitted. Audio-S 1s an audio link that supports trans-
mission ol audio streams.

In an embodiment, a service for audio-A may be a service
(e.g., audio source service or audio sink service) provided
via the audio-A link that supports advertising and announce-
ment of audio data, a service for audio-C may be a service
(e.g., audio source service or audio sink service) provided
via the audio-C link that supports control and configuration
of audio data to be transmitted, and a service for audio-S
may be a service (e.g., audio source service) provided via the
audio-S link that supports transmission of audio streams.

(b) of FIG. 23 demonstrates which enftity operates as a
server for a particular service and what entity operates as a
client that can access this particular service.

For example, 1n the case of the audio source service for
audio-A, the audio source operates as a server, and the audio
controller operates as a client. In the case of the audio source
service for audio-C, the audio source operates as a server,
and the audio controller operates as a client. In the case of
the audio source service for audio-S, the audio source
operates as a server, and the audio sink operates as a client.

In another example, 1n the case of the audio sink service
for audio-A or audio-C, the audio sink operates as a server,
and the audio controller operates as a client.

In still another example, in the case of the meta-data
service, the audio source operates as a server, and the audio
controller operates as a client. Moreover, in the case of the
transport information service, codec information service,
audio controller control service, or volume service, the audio



US 9,930,477 B2

29

source or the audio sink operates as a server, and the audio
controller operates as a client.

In a further example, 1n the case of the encryption service,
which 1s a type of content protection service, the audio
source operates as a server, and the audio controller operates
as a client.

For example, 1n the case of the meta-data service, the
audio source operates as a server that provides this service,
and the audio controller operates as a client that can access
this service. In this embodiment, it can be found out that the
audio sink 1s not related to the meta-data service.

FI1G. 24 15 a flowchart illustrating an example of a method
for sending and receiving audio streams through an LE
connection to which a method proposed 1n this specification
may be applied.

Referring to FIG. 24, the first device 200 that 1s a slave
device, may establish an LE connection with the second
device 300 that 1s a master device, may generate an 1so0-
chronous channel, and may receive audio stream data
through the 1sochronous channel.

A detailed procedure for receiving audio stream data
through an LE connection 1s described in detail below.

LE Connection Establishment Procedure 524010

The first device 200 may perform an LE connection
establishment procedure with the second device 300 1n order
to receive audio stream data from the second device 300.

In this case, the LE connection establishment procedure
may be performed through the method described with ret-
erence to FIG. 7.

Service Level
524020

After establishing an LE connection with the second
device 300, the first device 200 may perform a service level
connection establishment procedure.

The service level connection establishment procedure
may be performed due to a reason similar to that of the
service level connection establishment procedure described
with reference to FIG. 10 or 21.

For example, the first device 200 may perform state
synchronization through the service level connection estab-
lishment procedure, and may open a control channel (1.e., a
second channel) 1n order to control an 1sochronous channel
(1.e., a first channel) for sending and receiving audio stream
data.

In this case, the control channel may be one of BLE data
channels.

It the first device 200 1s divided into a left device and a
right device like a headset, the state synchronization means
that synchromization 1s performed between the leit device
and the right device and may be performed through the
GATT message of BLE.

After opening the control channel, the first device 200
may perform a codec & transport parameter negotiation
procedure along with the second device 300 (S24030).

Codec & Transport Parameter Negotiation Procedure
524030

The first device 200 may determine audio stream data and
parameters related to the transmission and reception of the
audio stream data through a codec parameter and transport
parameter negotiation procedure along with the second
device 300.

More specifically, the first device 200 may send a sup-
ported codec parameter and transport parameter to the
second device 300.

The codec parameter may include a codec name (or a
codec type), a sample rate indicative of a total number of
samples extracted during 1 second, a bit depth indicative of
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the potential precision of hardware or software which pro-
cesses audio data 1n digital audio, a bit rate, a frame length,
and audio channel information (e.g., mono, stereo, or dual
mode).

The transport parameter may include maximum transport
latency, the number of audio streams, and an encryption
level.

Thereatfter, the first device 200 may receive a codec
parameter and transport parameter, supported by the second
device, from the second device 300 and select proper
parameters of common parameters.

In an embodiment, the second device 300 may select
proper parameters of the received codec parameter and
transport parameter and send the selected parameters to the
first device 200.

In an embodiment, the second device 300 may send a
supported codec parameter and transport parameter to the
first device 200. The first device 200 may select proper
parameters of the received parameters and send them to the
second device 300.

Isochronous Connection
524040

After selecting proper parameters through the codec &
transport parameter negotiation procedure, the first device
200 and the second device 300 may perform an 1sochronous
connection establishment procedure.

Through the 1sochronous connection establishment pro-
cedure, the first device 200 may form an audio stream along
with the second device 300 and may open an 1sochronous
channel for sending and receiving the formed audio stream.

In this case, the type (1.e., ICO or ICL) of the 1sochronous
channel, a channel ID (CID), a channel map, a connection
interval, latency, a channel count, and a retransmission count
may be determined through the isochronous connection
establishment procedure.

Audio Stream Connection FEstablishment Procedure
524050

The first device 200 that has opened the 1sochronous
channel may perform an audio stream connection establish-
ment procedure along with the second device 300.

The audio stream connection establishment procedure 1s a
procedure for sending and receiving the formed audio
stream. The first device 200 may configure (or assign) a role
for sending and receiving the formed audio stream to and
from the second device 300 through the audio stream
connection establishment procedure.

Furthermore, state synchronization may be performed
between the first device 200 and the second device 300. The
first device 200 and the second device 300 may open an
audio link for sending and receiving the formed audio
stream.

Thereatter, the first device 200 may receive an audio
stream from the second device 300 and output the received
audio stream to the outside through the output unat.

Through such a method, the first device 200 may deter-
mine proper parameters for sending, receiving, and playing
back audio streams along with the second device 300, and
may provide an audio streaming service through the deter-
mined parameters.

FIG. 25 1s a flowchart illustrating another example of a
method for sending and receiving audio streams through an
LE connection to which a method proposed in this specifi-
cation may be applied.

Referring to FIG. 235; unlike 1n the example of FIG. 24, a
service level connection establishment procedure may not be
performed, but state synchronization may be performed in
an audio stream connection establishment procedure.

Establishment Procedure
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More specifically, the first device 200 may perform an LE

connection establishment procedure along with the second

device 300 1n order to receive audio stream data from the

second device 300 (S25010).

In this case, the LE connection establishment procedure
may be performed through the method described with ref-
erence to FI1G. 7.

The first device 200 may open a control channel i order
to control an 1sochronous channel for sending and receiving,

audio stream data to and from the second device 300.
Thereafter, step S25020 and step S25030 are the same as

step S24030 and step S24040 of FIG. 24, and a description

thereol 1s omitted.

The first device 200 that has opened the 1sochronous
channel may perform an audio stream connection establish-
ment procedure along with the second device 300 (525040).

The audio stream connection establishment procedure 1s a
procedure for sending and receiving the formed audio
stream. The first device 200 may configure (or assign) a role
for sending and receiving the formed audio stream to and
from the second device 300 through the audio stream
connection establishment procedure.

Furthermore, state synchronization may be performed
between the first device 200 and the second device 300. The
first device 200 and the second device 300 may perform the
state synchronization described at step S24020 of FIG. 2
through the GATT message.

Furthermore, the first device 200 and the second device
300 may open an audio link for sending and receiving the
audio stream.

Thereafter, the first device 200 may receive an audio
stream from the second device 300 and output the received
audio stream to the outside through the output unait.

FI1G. 26 1s a flowchart 1llustrating a method of establishing
a BLE connection according to an embodiment of the
present 1nvention. Particularly, FIG. 26 illustrates an
example of a method of establishing (setting) a BLE con-
nection for providing a service including audio data using
BLE technology. In FIG. 26, a detailed description corre-
sponding to that described with reference to FIG. 7 will be
omitted.

Referring to FIG. 26, the BLE connection establishment
step includes step S26100 of establishing a BLE connection
between the audio sink and the audio controller and step
526200 of establishing a BLE connection between the audio
source and the audio controller or the audio sink. That 1s, at
the BLE connection establishment step, the audio source, the
audio sink, and the audio controller each establish a BLE
connection therebetween, thereby establishing a BLE con-
nection. Hereinalter, each step will be described 1n detail.

First, step S26100 of establishing a BLE connection
between the audio sink and the audio controller will be
described. In the embodiment, the audio sink may operate as
a server, and the audio controller may operate as a client. In
this case, the audio sink may transmit advertisement mes-
sage through an advertisement channel. The audio controller
may transmit a connection request for establishing a BLE
connection with the audio sink 1n response to the received
advertisement message. Thereby, a BLE connection may be
established between the audio sink and the audio controller.

Thereafter, step S26200 of establishing a BLE connection
between the audio source and the audio controller or the
audio sink will be described. In the embodiment, the audio
source may operate as a server, and the audio controller and
the audio sink may operate as a client. In this way, the audio
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connection with the audio sink and may operate as a source
upon establishing a BLE connection with the audio control-
ler.

In this case, the audio sink may transmit advertisement
message through an advertisement channel. The audio con-
troller may transmit a connection request for establishing a
BLE connection with the audio source in response to the
received advertisement message. Further, the audio sink
may transmit a connection request for establishing a BLE
connection with the audio source in response to the received
advertisement message. Thereby, a BLE connection may be
cach established between the audio source and the audio
controller or the audio sink.

FIG. 27 1s a flowchart showing a method of registering an
audio controller according to one embodiment of the present
invention. Particularly, FIG. 27 shows an embodiment of a
method 1n which an audio controller for controlling an audio
source and an audio sink 1s registered by sending a regis-
tration request message to the audio source and the audio
sink from the audio controller once a BLE connection 1s
established.

Referring to FIG. 27, the audio controller registration
method may include a procedure of establishing a BLE
connection for an audio source, an audio sink, and an audio
controller (S27100). In this case, the BLE connection estab-
lishment procedure may be performed by the above-de-
scribed method with reference to FIGS. 7 and 24.

Moreover, the audio controller registration method may
include a control path opening procedure (S27200). Specifi-
cally, the audio controller may perform a procedure of
opening a control path (or channel) for the audio source
and/or audio sink. Here, the control channel 1s one of data
channels for BLE audio, and may be a data channel (or link)
for transmitting control information (or data) for control and
configuration of audio data.

In an embodiment, the audio controller may open a
control channel for the audio source and audio sink by
registering itself as a remote controller for the audio source
and audio sink. For example, the audio controller may
register itself as a remote controller for the audio source by
sending a register RC message to the audio source and
receiving a response message ifrom the audio source as a
response to the register RC message. In another example, the
audio controller may register itself as a remote controller for
the audio sink by sending a register RC message to the audio
sink and receiving a response message from the audio sink
as a response to the register RC message. By this, the audio

controller may open a control channel for the audio source
and audio sink and control the audio source and the audio
sink via the control channel.

FIG. 28 1s a flowchart showing a method of deregistering
an audio controller according to one embodiment of the
present invention. Particularly, FIG. 28 shows an embodi-
ment of a method 1n which an audio controller for control-
ling an audio source and an audio sink 1s deregistered by
sending a deregistration message to the audio source and the
audio sink from the audio controller while a control path 1s
opened after a BLE connection establishment procedure
S28100 and/or control path establishment procedure S28200
1s performed. In this case, the BLE connection establishment
procedure S28100 may be performed by the above-de-
scribed method with reference to FIGS. 7 and 24. The
control path establishment procedure S28200 also may be
performed by the above-described method with reference to
FIGS. 7 and 24.

Referring to FIG. 28, the audio controller deregistration
method may include a control path closing procedure
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(S28300). Specifically, the audio controller may perform a
procedure of closing a control path (or channel) for the audio
source and/or audio sink. Here, the control channel 1s one of
data channels for BLE audio, and may be a data channel (or
link) for transmitting control information (or data) for con-
trol and configuration of audio data.

In an embodiment, the audio controller may close a
control channel for the audio source and audio sink by
deregistering 1tself as a remote controller for the audio
source and audio sink. For example, the audio controller
may register itself as a remote controller for the audio source
by sending a deregister RC message to the audio source and
receiving a response message from the audio source as a
response to the deregister RC message. In another example,
the audio controller may deregister 1tself as a remote con-
troller for the audio sink by sending a deregister RC message
to the audio sink and receiving a response message from the
audio sink as a response to the deregister RC message. By
this, the audio controller may close a control channel for the
audio source and audio sink.

In an embodiment, 1f the audio source or the audio sink
moves beyond a preset range, the audio controller may
perform the above-described control path closing procedure.
In this case, the BLE connection may be released based on
a connection timeout setting. For example, 1 a preset
connection timeout period 1s up, the BLE connection may be
released. Afterwards, if the audio sink or the audio moves
back into the preset range, the audio controller may perform
the BLE connection and control path opening procedures
again.

FIG. 29 shows a codec and transport negotiation proce-
dure according to one embodiment of the present invention.
Specifically, FIG. 29 shows a first embodiment of a codec
and transport negotiation procedure for a connection-ori-
ented channel (e.g., ICO channel). In the embodiment of
FIG. 29, a control channel may be a data channel.

Referring to FIG. 29, a codec and transport parameter
negotiation procedure may be performed after a control
channel, which 1s a data channel, 1s opened.

First of all, an audio controller may transmit to an audio
source and an audio sink a first control message asking for
information on supported codecs and transport. Afterwards,
the audio controller may receive a response message con-
taining codec miformation and transport information from
the audio source and the audio sink. In an embodiment, the
code information and transport information contained 1n the
response message may contain information on a list of
codecs supported by the audio source and information on
transport channels (e.g., ICO channels) supported by the
audio source. In an embodiment, the codec information and
transport information received from the audio sink may
contain mformation on a list of codecs supported by the
audio sink and information on transport channels (e.g., ICO
channels) supported by the audio source.

Afterwards, the audio controller may find information on
matching codecs and transport by performing a preset codec
negotiation procedure. Then, the audio controller may trans-
mit to the audio source and the audio sink a second control
message mforming of negotiated codec and transport infor-
mation.

After the codec negotiation procedure, the audio control-
ler may transmit to the audio source a control message (e.g.,
‘start stream’ message) for starting streamlining. By this, the
audio sink may receive audio stream data from the audio
source.

FIG. 30 shows a codec and transport negotiation proce-
dure according to another embodiment of the present inven-
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tion. Specifically, FIG. 30 shows a first embodiment of a
codec and transport procedure for a connectionless channel
(e.g., ICL channel). In the embodiment of FIG. 30, a control
channel may be an advertising channel. Explanations of
redundancies between FIG. 29 and FIG. 30 will be omitted.

Referring to FIG. 30, a negotiation procedure on codecs
and transport parameters may be performed after a control
channel, which 1s an advertising channel, 1s opened. First of
all, the audio controller may transmit to the audio source a
first control message asking for information on supported
codecs and transport. Afterwards, the audio controller may
receive a response message containing codec information
and transport information from the audio source.

Then, the audio controller may transmit to the audio sink
a second control message informing of codec and transport
information. Also, the audio controller may transmit to the
audio sink a second control message (e.g., ‘sync to stream’
message) for synchronizing an audio stream from the audio
source. By this, the audio sink may receive audio stream data
from the audio source. In one embodiment, the audio
controller may transmit to the audio source a control mes-
sage for starting streaming.

FIG. 31 shows a codec and transport negotiation proce-
dure according to another embodiment of the present inven-
tion. Specifically, FIG. 31 shows a second embodiment of a
codec and transport procedure for a connection-oriented
channel. In the embodiment of FIG. 31, a control channel
may be an advertising channel. Explanations of redundan-
cies between FIG. 29 and FIG. 31 will be omatted.

In the embodiment of FIG. 31, a codec parameter setting
procedure may be performed in advance before a control
channel 1s opened. For example, a default codec value may
be set as a codec parameter for the audio source and audio
sink. In another example, a negotiation on codec parameters
may be performed in an audio controller registration proce-
dure.

In the embodiment of FIG. 31, codec parameters are
preset before a control channel 1s opened, so the codec
negotiation procedure may be omitted and only a transport
negotiation procedure may be performed, as shown 1n the
figure. By this, the codec and transport negotiation proce-
dure may be simplified compared to the embodiment of FIG.
29.

FIG. 32 shows a codec and transport negotiation proce-
dure according to another embodiment of the present inven-
tion. Specifically, FIG. 32 shows a second embodiment of a
codec and transport procedure for a connectionless channel.
In the embodiment of FI1G. 32, a control channel may not be
opened. Explanations of redundancies between FIG. 29 and
FIG. 32 will be omatted.

In the embodiment of FIG. 32, no control channel i1s
opened, so the audio source may transmit an advertising
message. In this case, the advertising message may contain
codec information and/or transport information.

Upon receiving an advertising message containing codec
information and transport information, the audio controller
may transmit to the audio source a first control message
informing of codec information and transport information.
Also, the controller may transmit to the audio sink a second
control message for synchronizing an audio stream from the
audio source. By this, the audio sink may receive audio
stream data from the audio source.

In the embodiment of FIG. 32, the audio source transmits
an advertising message contaiming codec information and
transport information, so the audio controller may transmit
to the audio source no control message asking for codec
information and transport information. By this, the codec
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and transport negotiation procedure may be simplified com-
pared to the embodiment of FIG. 30.

As described above, a codec negotiation procedure for
phone calling, music, or TV may be performed 1n various
ways. For example, the audio controller may perform the
codec negotiation procedure by receiving a response mes-
sage containing codec information from the audio source
and the audio sink 1n the audio controller registration
procedure. That 1s, the codec negotiation procedure may be
performed along with the audio controller registration pro-
Cess.

In another embodiment, the audio controller may perform
the codec negotiation procedure by transmitting to the audio
source and the audio sink an explicit message, 1.€., a control
message asking for information on supported codecs, and
receiving a response message containing codec information.

In still another embodiment, the codec negotiation pro-
cedure may be performed according to call control in a call
establishment process after an incoming or outgoing call
event. In a further embodiment, service provider information
and associated information on negotiated codecs may be
stored for each completion of a call, and then preferred
codecs for the corresponding service provider may be set
and used based on the corresponding information.

FIG. 33 shows a method of transmitting and receiving
data according to one embodiment of the present invention.
Particularly, FIG. 33 shows a method for a first device to
transmit and receive data using Bluetooth Low Energy
technology.

Here, the first device refers to a device (or entity) that
controls at least one device using BLE technology. For
example, the first device may be an audio controller that
controls at least one audio source and/or at least one audio
sink. Here, the audio source 1s a device (or entity) that
provides audio streams, and may be referred to as a second
device. The audio sink 1s a device (or entity) that consumes
audio streams received from at least one audio source, and
may be referred to as a third device.

As described above, entities including an audio controller

entity as the first device, an audio source entity as the second
device, and an audio sink entity as the third device are
logical entities, and some or the entire entities may be
included in the same physical device or different physical
devices. For example, the audio source and the audio
controller may be included 1n a first physical device, and the
audio sink may be included in a second physical device,
different from the first physical device.
Moreover, each of the above-described devices or entities
may comprise a communication unit (or communication
module) for communicating with the outside or nside 1n a
wired or wireless manner.

The first device may open a control channel for control-
ling the second and third devices (533100). A method of
opening a control channel 1s as described with reference to
FIG. 27, so a detailed description thereof will be omatted.

The first device may perform a codec and parameter
negotiation procedure for transmitting and receiving an
audio stream between the second device and the third device
(S33200).

In an embodiment, i1f the control channel 1s a connection-
oriented channel, the step of performing a codec and param-
cter negotiation procedure may include the steps of: sending
to the second and third devices a query for codec informa-
tion on supported codecs and transport information related
to the transmission of the audio stream; receiving the codec
information and the transport information from the second
and third devices; performing codec and parameter negotia-
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tion based on the codec information and the transport
information; and transmitting the negotiated codec informa-
tion and transport information to the second and third
devices.

After the codec and parameter negotiation procedure, the
first device may transmit to the second device a first control
message for imtiating the audio stream. By this, the second
device may imtiate the audio stream according to the first
control message, and the third device may receive the
initiated audio stream from the second device based on the
negotiated codec information and transport information.

In another embodiment, it the control channel 1s a con-
nection-oriented channel, the step of performing the codec
and parameter negotiation procedure may include the steps
of: sending to the second device a query for codec infor-
mation on supported codecs and transport information
related to the transmission of the audio stream; receiving the
codec information and the transport information from the
second device; and transmitting the codec information and
the transport mnformation to the third device.

After the codec and parameter negotiation procedure, the
first device may transmit to the third device a second control
message for synchronizing the audio stream from the second
device. By this, the third device may receive the audio
stream from the second device based on the negotiated
codec information and transport information.

Each step described in the foregoing embodiment may be
performed by hardware/processors. Each module/block/unit
described in the foregoing embodiment may operate as
hardware/processor. Further, methods suggested by the pres-
ent invention may be executed as a code. The code may be
recorded 1n a processor readable storage medium and may
be thus read by a processor provided by an apparatus.

For convenience of description, embodiments are divided
and described with reference to each drawing, but embodi-
ments described with reference to each drawing may be
combined to implement a new embodiment. A configuration
and method of the foregoing embodiments are not limitedly
applied to an apparatus and method according to the present
invention but for various changes of the foregoing embodi-
ments, the entire or some of each embodiment may be
selectively combined.

A method suggested by the present invention may be
implemented 1nto a processor readable code 1n a processor
readable recording medium provided 1n a network device. A
processor readable recording medium includes an entire
kind of record device that stores data that may be read by a
processor. The processor readable recording medium may
include, for example, a read-only memory (ROM), a ran-
dom-access memory (RAM), a CD-ROM, a magnetic tape,
a tloppy disk, and an optical data storage apparatus and
includes implementation 1n a form of a carrier wave such as
transmission through Internet. Further, the processor read-
able recording medium is distributed 1n a computer system
connected to a network, and a processor readable code may
be stored and executed with a distributed method.

Further, in the foregoing description, embodiments of the
present invention are described, but the present invention 1s
not limited to the foregoing specific embodiment and
changes and variations may be made by those having
ordinary skill in the art without departing from the spirit or
scope of the following claims and all such changes, modi-
fications and alterations should therefore be seen as within
the scope of the present mnvention.

It will be apparent to those skilled in the art that various
modifications and variations may be made in the present
invention without departing from the spirit or scope of the
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invention. Thus, 1t 1s intended that the present invention
cover the modifications and vanations of this invention
provided they come within the scope of the appended claims
and their equivalents.

In this specification, the entire of apparatus and method
inventions are described and a description of the entire of
apparatus and method inventions may be complementarily
applied.

What 1s claimed 1s:

1. A method for a first device to transmit and receive data
using Bluetooth low energy (BLE) technology 1n a wireless
communication system, the method comprising:

establishing a BLE connection with a second device and

a third device:

opening a control channel for controlling the second

device and the third device;
performing a codec and parameter negotiation procedure
for the transmission and reception of an audio stream
between the second device and the third device; and

transmitting a control message for synchronizing the
audio stream transmitted from the second device, to the
third device through the control channel,

wherein the first device 1s a device that controls the

second device and the third device through the control

channel, the second device 1s a device that transmits the

audio stream through an audio stream channel, the third

device 1s a device that receives the audio stream

through the audio stream channel, and the audio stream

channel 1s an 1sochronous channel through which 1so-

chronous data indicating data transmitted at a specific

time interval 1s transmitted and received, and

wherein the performing the codec and parameter nego-

tiation procedure comprises:

transmitting, to the second device, a query for codec
information on a supported codec, transport infor-
mation related to the transmission of the audio
stream and the specific time interval;

receiving the codec mnformation and the transport infor-
mation from the second device; and

transmitting the codec information and the transport
information to the third device,

wherein the third device receives the audio stream from

the second device based on the received codec inifor-

mation and transport information, and the transport

information includes the specific time interval, and

wherein the opening the control channel comprises:

transmitting a registration request message to the sec-
ond device and the third device for registering the
first device as a remote controller; and

receiving a response message from the second device
and the third device 1n response to the registration
request message.
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2. A first device for transmitting and receiving data using

Bluetooth low energy (BLE) technology, the first device
comprising;

a communication unit; and

a processor functionally connected to the communication
unit,

wherein the processor 1s configured to:
establish a BLE connection with a second device and a

third device,
open a control channel for controlling the second
device and the third device,
perform a codec and parameter negotiation procedure
for the transmission and reception of an audio stream
between the second device and the third device, and
control the communication umt to transmit a control
message for synchronizing the audio stream trans-
mitted from the second device, to the third device
through the control channel,
wherein the first device 1s a device that controls the
second device and the third device through the control
channel, the second device 1s a device that transmuits the
audio stream through an audio stream channel, the third
device 1s a device that receives the audio stream
through the audio stream channel, and the audio stream
channel 1s an 1sochronous channel through which 1so-
chronous data indicating data transmitted at a specific
time interval 1s transmitted and received, and
wherein the processor performs the codec and parameter
negotiation procedure by:
controlling the communication unit to transmit, to the
second device, a query for codec mnformation on a
supported codec, transport information related to the
transmission of the audio stream and the specific
time 1nterval;
controlling the communication unit to receive the codec
information and the transport information from the
second device; and
controlling the communication umt to transmit the
codec information and the transport information to
the third device,
wherein the third device receives the audio stream from
the second device based on the received codec infor-
mation and transport information, and the transport
information includes the specific time interval, and
wherein the processor opens the control channel by:
controlling the communication unit to transmit a reg-
istration request message to the second device and
the third device for registering the first device as a
remote controller; and
controlling the communication unit to receive a
response message from the second device and the
third device 1n response to the registration request
message.
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